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SOLUTION: Picture element structure 300 is composed 
of five NMOS transistors 310-350, a capacitor 302 and 
an LED 304. A selection line 370 is connected to a gate 
of the transistor 350, and a data line 360 is connected to 
one terminal of the capacitor 302. An auto-zero line 380 
is connected to a gate of the transistor 340, and a VDD 
line 390 is connected to the drains of the transistors 
320, 220. One terminal of the capacitor 302 is connected 
to the source of the transistor 330 and the drains of the 
transistors 340, 350, and the sources of the transistors 
310, 320 are connected to one terminal of the LED 304. 
With this constitution, unevenness of a current can be 
reduced in the LED 304. 

LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 



rejection] 

[Kind of final disposal of application other than 
the examiner s decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2000 Japan Patent Office 



(19)B*H#fF/f (J P) (12) £ Bfl 4# tf & $1* (A) (llMHW«KW»t» 

#HH¥H-219146 

(43)&P8B   ¥/&U$Kl999) 8E10B 

(51)Inta' 
G0 9G 3/14 
G0 9F 9/00 

9/33 

H0 1L 33/00 

3 3 7 

F I 

G0 9G 3/14 
G 0 9 F 9/00 

9/33 

H0 1L 33/00 
lfcfcSi©820 OL m 

J 
3 3 7B 

Z 
M 
L 

(£ 80 H) 

(21)ttlS## 

(22)fflSB 

ftSPFl 0-311569 

¥^10^(1998) 9 fl28B 

(31)«5fcjg£g#^  6 0/0 6 0, 3 86 

(32)ffiifeB 

(31) «jfc*fcfe®#^ 

(32) «5fcB 

1997^9^298 
#B (us) 
60/060, 38 7 
1997^9 ^29B 
#H (US) 

(71)fflSA 000005968 

JKjSCfK=FttE BjtL©rt=TB 5 # 2 ^ 
(71) fflg|A 598150662 

08543-5300, ^'J>Xh>, CN5300. 
7*»h>  P— H 201 

(72) 8"§l*£ 5#x* 

08558. Z.*)UV>. nfcf> H7-f^ 
44 

(74)«a»A #8!± mm fm 
m&mzwK 

(54) [mwvzm] T?Tj7vbVy?xmyty-{*-mmMmi3&v*<DJi& 

(57) ansa g 



1 

mmi) t^-^ummmxh'r-i ^ 

we&o-c mmm*. d) %iWRyVy^a> 

mmx&zv-bt, v-xh, Yvjytzt-th 

mi byyV^b,  (2) SKSSl h7>S>X*<7)K 

l/-f>««8K4tiT^6JSl«IT-i:, SS 2 
(3) *-S€P^>Atf>g|j?fflT*& 

W>*$5tt3*va** Kiw>fc*:frt£SS2 byy 
v^t, (4) }g2iiiR^-o^ro^fflr-fe-sy- 10 

-xt, b*vjytzttz>m3byyp**t, 

(5) SRgl h7>^X3?(Z)V-^(C^^nfey- 

(6) 3^H1 h5>^^(7)V-^JCg5ttS*ifcy- 
bt, v-*t. mmzVyy*J7,$v>%m\!vjy 

icSsKStifcYvjyt*tt&ms byypztt, 

(7) 312314 h5>J>X^(7>V-^i:SKK5 

mm2) mimmmmmt'fjt-v* (OL 

E D) x&mm i fciatsoT^* -Yo 

t>mtifc.mg: b yyv^x^mm i x« 2 aa 
*fe<z>x>rx:?W. 

[§1*14] iWE!»2BiR9 W vmftfthoy*- b 
■te*P5^ >T*&&Sra$i 1 ~ 3 wffiftfrfciafe&X'f X 

30 

'^t^ot, (1) —DOX&RJJy^ 

hmivyyv^t, m mm\vyyv7.m ■ 
Fujytmmztix^&mim-t, wm-ttt 

■1rz,*\;\*y2t, (3) •*-b-£u7jy\oymm 

yyy-xzb, (4) mm2 byyv?.$a>y-7X. 

m&ivm 1 m-t, my^y^ammmm2^ ■ 40 

*t*ttr&?'(*-Ft,  (5) *l Yyyi?7ZV) 

v-xizmtztitzV-bt, v-xt> SK^*- 

Kfl>» 1 SST-tcSSRSftfcV'VJytttt&W,3 by 

yvztt, (6) 3f2H3 bjyVKZav-TJfi* 

•-■nvm- Ktmztix^&2m(Dm-z%?z>itm; 

u^tfeot, ^msut^ (1) MR7^>A© 50 

Wlffl-t-ll-'iJ.iJlflO 
2 

mibyyyxzt, {2) mmibyyv^^v 
ujymmzhx^&mi^ts a^*?**** 

^nn^v-xi:, Yv^yiL^thW,2byy 

VXtt.  (4) 3§2^^>^c7)^fflT-&sy- 

-xt, W4yk*ttbW>z byyvxzt, 

(5) h9>^x^ov-^icsstt«nfcy- 

m&iMtVis'iytm'f&mA: byyvxzt, 

(6) 3MHi h7>^x^0v-^fc^^nfcy- 

ht, v-zt. msmz byyyTsZw^mvvjy 

izm&tifcb'bjyt&^t&ms byyv^t, 

(7) %wm4byyy?,*?(Dv-xt%nm5byy 

mm%\ m&tmtftmmt?>(*-v COL 

ED) xfrhmimi^im^iT^vA* 
mm93 t^en2>ms^^oyt- b 

Muyjy X&%mim 7 3Z.fi 8 {ClBtfeWx -f 

J. 

arassre]   (i) />*<t%»-o(7)3r-'Hfp{b 
iS^«Ji<S:> (2) SK*-h-fe*PflJI*liifitc*-h 

«BfiC«ttSnfc*-hign5-r>4:,   (3) tf-h-tf 

Sr^T-r-S^ST-feoTv (a) ®^=Sr^-- YMuift 

hTsrVlt, (b) f-^^-f^Iftt'f-^iai 

Blf^D-Kr*^^^,   (c) mfZtifzr-Z 
\zm^x%mmm*mth7TV'3bi?<o&hz. 

mxmi 2) mtt-bMu\t7S-vzr (a) am 

mi 1 Ktmayfim, 

mm. 1 3] Mtt- bMufcXrvZf (a) tm 

mzfyvt^Ji&mnt&ZTyy'ZStimmi 1 

C^5}5S 14] .     < t1 fi<7)S9H?r%tX 

yvj^mth-mxh-ox, (a) ^Rii^ros^ 

A5^-^&a^^T>y^, (b) jitttdnfcii 

vy°t,   (c) WEStifcA^SISx-iftcafr^^TS 



13J 

3 

m • 
rawssi 5] mmfe^T-v? (a) ^H«IE®^^ 

[ff^Il 6]   BuieiSSXx^^ (b) t>\ MB*? 

>f>fl» (c) ^9*-**#«>i>fc«>» WEa^n io 

£SXft   (1) Itl^^^^^y-h^ 

(2) h7yy*$(D%mi;>{y£.%M 

aixmim-ts Mm?*.*** 

<<y^omm>f-vt, %tm2 uyy^mm 

3hyypx^ts (5) m^WvyVT.mmk 
y-MZgmZtif-V-ht, V-Xts %WM3 by 

yi?*9<Dg&\>-a&mztiiz\f\s4ytt:1rt& 
H4 v^yv^t, (6) ^mni b?ypz$o)g 

7yyzmmvvjyizmm2titzb'i;jytz% 30 

-t&msh'jy&xfk, (7) m&^Y'yyyx* 
WV-Zt^&MS b7yi?Z$(?)y-Zki)\ -130) 

m>m 19]   (1) mmoMmA?*-?&wtt 
ZtzMMfctyz.-frk, (2) 3tBB££ftfeBX 

TV-fn^hD-^i:, (3) 3R»#SftfcHJfc*5 

fctf), mcfA7^^^^yYxi-v^m^titz9A 40 

•f        l 9 {ztmay^XrA. 

[0001] 

4 

EWK60>fl#£ifeK:RI*&. ft, #{BEttl997*f9J32 
9BttJSBO)*H<RtbSS5 60/060.386 -tfe«fetfl997^9H 
®B&mdm$&W& 60/060.387 ^<7)flftfi£±3f 

[0 0 0 2] 

m&<mm m tc^-r <t e> v h u * * XT K U V 

^XTV-l' 1 0 014, ftk?\Hzffl&21Xtdmigm-?& 

ttW&m (tf-7-fe;U) 16 0&*1-So 

n^-*?m%m.i 1 ot^-^mMm 

1 2 0fcrtKl/O>£. fFlflfC&fcoTtt, #f7t4fr^ 
-<>1 3 0&^LTm^«2:h,.g> *Jfl?T& 

7*7 h U y£ xf^ 7.7V-Y tcfct vc l& &fT<Z>B"*"tt 

lift 1 fit"o£*T<*ft-i>#> TtT-J-J^YVvtTsr 

77W\Z&\^54, ^iJ^B^CMr*^-* #P - 

Jw&fmikyis-Lmffloy&Ajoy-fflftx mnwM 

7U4(D&iM7l;-2J%®(r&mzfr>fc^X 

[0 0 0 3] ifs-^zf^AT^VA, 
yzf3y¥=L-$0)%R\ztb&^X, ^t^^^V 

»«Sf^^^ (LCD) »J:l«6* 
^^-K^T.^b-f (LED) ^ffl^tlScfcOlC 

t4> x-YX^'U^^Mffl-r^^-^^l/^xAcD'S^ 

Tell ZMMT:£zmiz.-f&zttfmMX~&&o 

[0 0 0 4] LCDiCJ30"C(4, 74TSlV4OMR* 

0>£9m\Zt>t^XAv>7*7>( Vtfi*yK#'3X\*&. 

"r«J*5*>, LCDrtrol-^TWB^^T^^ fe^B 

[0 0 0 5] 02{C, 2<BONM0S h^>^X^Nl 

i:N2 tttZftXtmoiTtTj ZfV h V V VXL E 

DB^ii2oo^-r. zommnmiz&^xit, h 
?yi?Z9N 1 KWW&z>z\kiz&Vziy:ryy-CiZ7: 

a»J N 2 tCimLTL E D£,£*Tf    B^ja2 0 0 

[000 6] LEDW«Ktt-tCft2S«»EtC 

i^X^J N2KU7 h 1"LED^ii 



5 

[0 0 0 7] gRrC, 7=4X^UY<7)$j£<Z)?^-f&7) 

[0 0 0 8] H3c> LEBro««»/W-*fcW 

**#Tm OLED (*W8*3f-f*-K) O^- 

[0009] seoT, mm&o) ^mhv^yv^i 

mmmm&t, ^nizm&t&mmmmm 

[0 0 10] 

mmO)&l-&$:?m?&LED (ifcttOLED) an? 

[0011] 

[0012] *%mom-<mmt, 

m&> (i) m\m&4y^<mmx'&h>f-\> 

t, (2) ^mmi Yvyy^zoYvjytmmzti 

(3) Jr-bVuy4y^owmz&z>>f--bt, v 

(4) &2m&4y^<mmmT'tbz>>f-it. m 

W,2 byyvztoFvjyizgMistifzv-zt, K 

vjyttfttzmzv^yvxtt. (5) mmi 

vjyy*mv-7&m&ttit>f-Y£. v-x 
mm2Y7yyx*<r&mv-x&mztitzY 

u4yti*t&B4b?y&z*£. (6) 3B£i 

KW>fc*#*-S3B5h5>yx*i:, (7) 

[0013] miamgm&L^mmiz&^z. mm 

(4) ^[jfl-^u-ziyKie 

6 

ffimm<»\>yyy7sZti®(r>94*-Yfrt>&. 

So 
[0014] mioMwcnf&amtL^tmizn^x, 

[ooi5] mio)^W(7M(7)Btu^mmizB^x, 

[0016] *mmw.2omm%, w&x?*-** 

[001 7] 

[0018] 03tt, *fPJKJ:&7?x>r:/TMJy 

fct, iiSIS7>y'X2 (TFT) , t&b^sKyS/Ua 
20 y£fzlt7:£)l7T7.isV=iy*mibZi'?btLfcb7 

yyz#zw8bzm&zti&o mmiz, «F*U^ 

au wmtiux-b* (OLED) zmtz. toy 

[00 19] i(DSR«Ji3 0 0ti, h7>2>**HHi 
SJ£ (Vi) (7)^-i^S<*oOLEDif->^ 

30 jg#rf6o OLEDSrilSISft 

[0 0 2 0] 03fe#Bg-rSfc, BXffli&3 0 0& 5 
h7>^XWl (3 10) , N2 (3 2 

0) » N3 (3 30) , N4 (340) fcWN5 (3 
5 0) , 3>x>tf3 0 2, fccfct/LED (OLED) 

3 04 efegj© rtrfcidte. 3W?5-f>3 7 

-^5^>3 6 0(4n>7=>-^3 0 20-^(D^?(C^ 

40 *ta*lT^6* *-H?n5-f>3 8 0lih5>$>>l* 
3 4 0<7>y-ncssKsnn^. VDD542/390 
#h7>^X*3 2 0, 3 3 0<&KU^>CJS8tt**lT 

V%-2>0 ®*7l/Yfl0>ffi0>f7#fc0>:*-ht!D9^>3 

8 2tf, H9>^3'3 3 0(7)y-h{Cg^$nTO 

[0 0 2 1] «IfT^<7)3r-HfD5'f>3 8 2iilg2 

(tt^R^ ^ y t b xm&imz&zz t a$i x 

(7)/T- h if D 7 -f > 3 8 2 #g 2 OWR? 4 > feiC&S i: 
50 *1*tCfW^S, ftLiCj;oTI|?£(Z)ii^(7)^i^i:3 



7 8 

7 K£{£j$t"3~&<fc-?(C&o'CO'l>o 
[0022] 3>7:>^3 0 2(7)-O(7)^i:-tt U-K 

Afcfc^r) h9>^x^3 3 0(7)y-7^ Yyyy 

7*3 4 0, 3 5 0(7)KW>Og|!£tva^. 

7^7*3 5 0<7)7-7tt (y'-KBtCfcor) r-7> 
S>'72 3 1 Oi: 3 2 0(r>f-Y\zmi&XZ\\Z>o hy 
7^7*31 0(7)KP-T>{iK7>^X^3 4 0(7)V- 

T-ic^M^n-co-So wmz, vyyvxzz lotz 
2 0 (7)V - 7ti L E D 3 0 4 <7)-^(7)^(Cg^^ tlX 

[0 0 2 3] Mi^^iC, ^LEDx^X^^W 

mzffltZ. t%t>*>, &LED@?m, LED*-7 

fEftjSft&o 1-&frW*I£(7>B5iffi, LED*-7* 

^®E^T F Tmm&nWbizMm&tzftKmz 

[0 0 2 4] Be ^<7)7^-r-^^SU^^^S 

?v izjs^xm%£titzij&izm&)Tmpitz> 

(7>fT^i|(7)7^^iC*fU m^T^rtit-e^fflt. 

£3<h#ai&6o 
[0025] *%,W(Dmm&. smoTFTt, imo) 

nyryyt, LEDt*m-fho TFTOygmt. 
L E D(DftV- KtCTtt*<.7J- KtCgM2*l-S>3 
i:fC?±g-r^ST*fe«A 3(7)3 tttSkfeT^LEDlC 
fcl \TtiI T $ v$X&%>tl^oWilZJ; 

oT^fc^^o &oT, LEDttTFT(7)Kl/-f> 

{*» 2-^a^jy^y (tf-r--fc*P5 ^7^:3^7^ 7) 
£u l-l/2?ij7^7 (x-*^7^ l^^iji:* 

*rf$+vDD94» &^>_tc7)»fc 
1214 (C/Txl-. ®Ht 3 0 0(TMm&aT3 7x-X. 1"4 

t>*>3gfgr^i-^. 
[0 0 2 6] I-7i-Xii7'JfJ7-y7i-X^ 

6. mff73 8 2(7)^--h-|fp (AZ) 7jy±C)]E0)A 

7U7#h77^7£3 3 0£ r^->j tcu 8^(7)7- 

tto, zo^-zy^ymfr^ikL, zoy<-zyjy 

[0 0 2 7] §|-7x-7te*-hifP7x-;tt?& 

^fe^TWAZ^^^SELECT^^tfiiK 

ftU, h5>2>X*3 4 0, 3 50£f"#7j h 
5>^^NI 31ooy-h&arfcu *->:*7 

mE^t iS7U 7*fcjWt, L E DtCff< trffrtiM 

SEfeSfW. 3(7)7x-XlCfc^T, LED0)3r-7:*> 

mEEi:N 1 OHBfWE^tt^N 1(7)7- h Kffl?i<ti 

£„ Nli:N2i:(ir<^i£fCi5S-eS^>(7)T\ -£tl 

^)C7)WsSfamEttM^T^L-COl)o lie, 3*l«b 
2<@(7)h7>^X^<7)V-7>tC*fr-g)'7,-SmEVgStt 

|IjCfcrt*T*&6. T FT<7)HHIttJEE<7)KU7 M£T FT 

<7>^MZhfz-3XVgsO)fr\zmftt$><7)X\ Ztlhr1 

/u.wmimB&T Y-ioym^zfotz-oXTmth 

10 Huyjy&ti- (low) £^£-7?, miyjyi*^ 

.  J (high) (7) 
[0 0 2 8] 3l=7x-Xttx-2#£&*7i-XT- 

777LED*-7tf7@!x\ 7*^7N 2C7)P${i®E<7> 
£ft#, ^U<7)7U-AOWUTy-KB&C&m*tl 

-5. UftZixtz?-2m-V\z£.r>x£ifr>ftto^o 

lc, 7-KB7!^+Vdd£^(7)P7x7lf 6 

20 3£u$g-r^£-e&6. 
.[0 0 2 9] Wt&ltZ. >T-h-k*D7x-X(7)rBl m 

(trickle current) £{£JSLT, LED©^->^ 

>SEi:N2<7)MfimE^ rpj^j £tu y-KBlC« 
#$tl-g>0 3(7)^-h4f07x-X«, *K^C(*»!f 

WMtf&&>X'b21 ^TOraire- Y<wmx&z>o 
h -fe'P 7 x- X(7)^(7)«gii*7 X-X&C&0 r«3«) 
T, PP^nfcx-^aE^fflLTLEDfC^^ 

30  ^^*So 7W7U^K|gSj75^ mSMfcJ:^ 

&&(DX&Z>o LED<7)$-y*ynBtTFT0)fflM 
Mit m%mb£tsrtz>m&t£<mmizffiiE 

ffii&z. 9^7^v^km-t^x<r>y^y\tn. 

mz&^xwm~£i\z>(nx, mxmjt&z\ttfiti& 

[0 0 3 0] &E*BZtiZ, yr-^y-(y3 6QiZW 

SD^a-Sx- ^mE(7)^tt> L E D 3 0 4±mzftfz 

oTS^ftSc7)T-«&<, N2 (32 0) tLEDff) 
40 VgsFB1iC^fiJ$ti-i>o 3(7)3<htt#(C -r-^H£E^«b 

L E DMB^CDimmWv \z*y>ftf&2>Zk 

•£>. 3077tf>^ LEDSE^^LEDSi5fE^(7) 

^H^(7)7^^77*i:ill*.-a-^$nT, x-^mff^f^ 

We» ±IB(7)J:9tC7:^77°U^(7)^#^{C^fcoT^ 

[003 1] 9Effi0)SXfl!&3 0 0<7)fil^(i, Mttoni 

5ES*l*l«lfK:feW* lyyVXZ (N3, N4feck 

tW5) tf7V-k&tzV IfmTilWtrtykteZt-tto 
50 7:i-x^■t^'r^7^^^?)T^<^ BK-esssHtctt 



9 
(6) ftHPRl-219146 

10 

yy h 14n \t man&ztx&&. mz, N 2 & 

[0 0 3 2] mVVMb-t-YMu (AZ) ;1;i/Xfi 

* f :/<7)t vf ftjMtettflfltf tt ££tef*|j|fc7)?iJx*-Y 

[0 0 3 3] ±f20)@lSf$ti§{C<fc*lf& #»L-E D 

[0 0 3 4] H5& *mmz&&T>7Tj7vbVy 

^ x L E vwmmm. 5 0 0 am 101 ^nm^wssiat? 
fc&o C<Z)i£X4fig 5 0 0 i& 03 DiSXitjg 3 0 0 fc 

asa-eas/* ^^T-a2®<Dbyyvxzoxxfoyc 

[0 0 3 5] @m«ii3 0 O#fcT£W*B40>&Sfc£ 
W-otUT, lS*«&fc»J 5<iOh7>^X^^ffl 3( 

$ (fill factor)   (T^TM ZfzfU- b h A 

«fc£B&$^LT) feckt>*^0JR$ (yield) (C%^# 

*SfffBTia4^*&. fct, B^«ii3 0 0(i, # 
Haste 1 mo)y H^h*m- Ko»ft«OT L r h ? 

[0 0 3 6] BI5iCfcHT, ®H5 0 0ii3<I(7)NMO 

Sh^>yx£Nl (510) , N2 (5 2 0)-, N3 4C 

(5 30), imonyry-y-5 0 2, imo)*/ayb 

3P2V:*-R5 4 0> fccktfLED (OLED) 5 50 

vmm)        Wivjysio&bjyy7,* 

5 3 00)>f-bKtm2tlT^Z>. x-^7^>5 60 

«3>7=>1f5 0 2fl)-*(7«HfK:a«d*lTl»*. * 
- UrD^ > 5 8 0tt h 7>^X* 5 2 0(Df- bIZ 

mmZtlX^&o Mlvjy (VDD^'fi/KSSGO 5 

9 0(i$/ay b*$l~*- K5 4 0(7)-^O^(C^M 

[0 0 3 7] n>-7i>-b-5O20-^(7)^(i (y-K 50 

AJC&OT) h5>^X*5 2 0£5 3 0(7)KW>{c 

SSttSftTO*. h7>^X2 5 3 0<7)y-Xti V- 

KBiCfet *T) h9>^X£ 5 1 0<7)Y- h OSSKStl 

h7>^X£51 0©Kb-Y>tth^>^X^ 
5 2 0(7)y-xt, $/ay h*^#-K5 4O0)-# 

[0 0 3 8] @^«ii5 0 0%K TIB<7)cfc9^ 

g&#x x-x<7)3 yx-xefow*. t*xo)&£r 

v^y\%9^ xyvjomrnxmnzmszuxi, 

T(7)^CfcOTii, #Jt4»0fT& Tftij fclfcS. & 

[0039] »-7x-jCtt^u^-s;7i-X"e* 
6» ^U^Y-yfit* Pf-h-lfD (AZ) 5^f>^h7 

?4ytfV-kvbl;'<)llz&&tgn%t>ti2>o y-K 
At B (cmSlffitt h V>^X^N 1 (7)        >tPI 

[0 0 4 0] ^-7x-Xtt^-N-k*P7x-XT-fe 

x\ y*vb*#4-*-V5 40ftbyyv?,wi(» 

YvAy-ks 7-zznit.4m;7'(yfr<o$mbx, N 

l^-K-fe'Dfb^jt&is. y-KB^h^>^x^N 

1 <7)P^fgmff^vXL E D 5 5 O0)*->tf>*Elca 

«*u^«EK:itrsi:, AZyjy&miLXbyy 

[0041] i£7i-$m&&fryx-xr- 

*s. *(c> ftiizmt&T-ztf'r-fjjyK.zm 

ztiZo j-b*AtBizmzn£±m\ 
yo)V±y bW&U'<)\/k.7:-$W&V'<)V?HoygZ& 

L<t&o ZO)£olZbX, byyPZ$Nl(Dfflim 

&tLEDO)2-y*yWEE.oym)t)mjEZtiZ>. J- 

K B \zmhmmm%m\ >m ff i {cw-r^ii^^ 

[0 0 4 2] fiUL ft{C^7c5 h^>^X^@^(7)flJ 

^[*}t^oo*», h^>^X^(7)'>4^\ OL E Df 

-fX^.b-fffl3 h7>^X^®^(Coi>TlttWL7c. 1 

&<&fl6fc0T, 5 K^>^X?@^{C«, ^--h-fe'D 

ibt L E Dmitizmto) b vyv-x^^m^hz 

kX&h* mm3 0 0"«WWK:ffflW6IC(i. 2 
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fcfcoTHC<fcotc K»J7 r- "f SCI«h#.#gT-fcS. * 

7>S>7*0><fc-3tC) TFTH±<Z)KW7«Eff5n 
JCftft*    MT F TttRtUfCtt K U 7 r- L &H \. fto 

[004 3] g|7tt» *36^{CJ:S7^T-^7*VM/^ 

#7LE DB^ii 7 0 0 oft#nsg!i^a)BSia-c-fe 

7 0 0 it, m 3 0g^ig 3 0 0 KSI 

[0 0 4 4] 1-4^, tf-h-ifpfb 

#7y^-^^7;i/^m 3 fc^-r* stc*** 

7^7®^fQpc £SHt 3 0 0 <7)J - KAfCftA-TS t V t 

data^^y, ^-KACffiA*ns«fflr«das (i) 

[0 0 4 5] 

Gttl] 

<?pc   = QfataOfo    -   VA) (1) 

[0 04 6] dd-eVAtt, 7U^-^7x-X^ 

^sw^^-KAtcfewsmE-e**. VA«\ @m3 
OOJC^^A^nfc-r-^, N3 (3 0 0) ®RHMI 

il3J:tfLED3 0 4<7)*-7:*>*E»Cfe&Sft 
-So Cdata#*g&*3r-v,rtS/777 C^lpF) T-&S 
<7)tr> QPC£>1 Otf3^-P> (picocoulorab) iggi: 

tO 0 4 7 ] • B* 3 0 0 *«$3tLfc*- h-fe*P U*;MC 30 
^i:^ Qpc«^-KifD7x-X^ Nl (3 0 
0) £LED3 0 4 tZmiTfatlZ. tf-hHfDlBWI 
(Y7?A>1/) ttJSlWC (**H0/usec) , NICtt 

•£<7)SMimE<fc UiS^y- r-#7-7tf- h-fe*D*E# 

^SWtgfett&U, P18HCLED%*<7)7-7:*7mE 

ffc/D-feXCfe^m >-KAfc^-KB^» X(7)-fe* 

PSM*- h -fc* P^ET-lift <, *aSB®M*m*6 

[0 04 8] gg-f^gctte, Nl £LED£ii3IE 40 

T> Gfol d-fJTy^T) feNl 3 00 

ilLED 3 04i:^Sorfift1-3i:^)ai5(?'g>^-h-fe* 

;W Ji#Jl 0A£sec-efc-5<7)T\ QPC«$J0. 1 fcfn 

0t?n7-P7-e&-5. 

[0 0 4 9] £<7)J:5JCrtg&Qpc<Z)8&*i:LT, Sit 

(7) 4#RFRl-219146 
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HU &L&$m^-KifPSEtf7^77W£{*tc 

[0 0 5 0] L^U *)L^Qpc^^O(7)*4^-r, 

10 W£tfM%lz'm\lz&&(7)fr%<b?, i®fjmE<7)*&£ 

ftTt'it Bis 3 0 0 <7)*- h Hf P<btCcfc oT^-4-r 
4 77W £fF&3: fctftBSiE&t 
[0051] ^oracft&i-mmi o o«7 

&o ttz, -t-h-guitlzm&lz.jmftWffiizifcbXQ 

pc*mtz-$z>zt<Din*z> nm-iv*-*-?! ism 

Qpctt*0*/J^ #90. 1 ^3>7-P7i:4^. 

K^j^c-fe'pleft U»      N •k'pmS^i'JStcT^SC 

[0 0 5 21 HI 7 Sr#!B"r S fc> iSX 7 0 0 it, 5 ®© 
NMOSh7>^> Nl (7 10KN2(7 2 
0)\ N3 (7 30) , N4 (7 4 0) , N5 (7 5 
0) t, ay^y?! 02t, LED (OLED) 70 

4 ets«) WRvjyilo&vvyy 

7^7 1 Oroy-hJCjjSKStlTO*. 5=-^9-r>7 

6 oitny^yy-1 o lay-isoM^Kmst^ixx^ 
-So ^-h-tfP5^7 7 8 0ttK57^77 7 4 0(7)^ 

-MCgStt^nr^ft. VDD5^>7 9 0{ih^>^ 
73»7 2 0t7 5 0«)Kl/'C7{C^^nr^-&. iS^ 

7brt<Z)W©(7*»6W*- h-fe'P5> 7 8 2 tt h5 
7^7^ 7 5 0C7>y- MCgSRSftTHS. 

[0 0 5 3] *|KSlCfeO-C. Bi|(7>fT^e><7>>r— h-fe'P 

tfKvJy Z-m bit-flrZmoXjfr <bO)X-b-\£U7'(y 

7 8 2 fcfWCS £ J: e» ft^   5 7     L T> 3iS0i® 

[0 0 5 4] 37x7->f7 0 2(7)-7J«:?tt U-K 

AJCfe^T) r-^7S>7*7 1 OWVVjyCWgtZtl 

h77773?7 1 0<7)V-7tt (7-KBtCfe 

OT) S57^777 2 0, 7 3 0(7)^-hOg^<* 
tU S77^7^7 4O0V-7lC^$n-COS„ h 

97^7^7 4 0(7)Kb^lS (y-KCCfe^T) h 

77^777 5 0(7)V-7fc h57^777 3 0(7)Kl> 

■Y7(C^^il-C^-5. ftgfctC, h^7^7^ 7 3 0, 

7 2 0 (7)7 -7« L E D 7 0 4 (7)-^(7)^fCgi!^ti 
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[0055] mzmmc, mmi o oh 

2N3 (7 3 0) ©Kt^>T*&6>'-KC{C7*',>^' 

-^®E?t)Wn^ti^c tew*, an 3 o o oro- 

*>£>5. Bls7 0 0©f3&& 37x-X©f3Pi 

[0 0 5 6] ^-7x-Xttm«>7Y>3''fA4', "T* 

fr*»-r- 3? #M©f7©®ll{Cfft!lD2 tiSHJ(Cfr**)tiS 

B#5n!CS/3-hS*u g3R7 0 0©ttSg#, Emi© 

:t-h€P7x-X©$©i#i&CK£. 1"4'fr*>, MM 

&6PB!> moyftyjyfriovx-h-guvjyi8 2_t 
(DiE(Drt)l7tfb:7ySs>75iN5% ^yj tCU Z.H 

[0 0 5 7] S^>^X^Nli:N5(7)^X :t7©*§ 

*N1HU b5yi>*2N5W*7Kti&ffilZ*ybL 
4WUf4£4H\ ZSLft^h, h7>£?X*N3# 

- KC^*£A£ h =7 yV79N 3 %MT V- 

[0 0 5 8] WSfOpcfcU 
-KCCfeUT, h5>^7.£N3, N4, 

bttv-zy K w>©**/^# yjLkizemzn 

of F) , ^y^-s?wBW«>/-KCft»io 

-efe^o LfrbzaMMlt, Bti©*-h-fc*P®E©£© 

>mfrt^7Z\t'fcmx, QPC^O. l¥zi>7-uyo) 

QPC (4*©£*{I£@j££(i-rc-<& U, *- h HfP 7 x 

m&*-hVtMB&fitCt1ShMte* N3 
QPC fi#- h -fe*P7 x-X#&£S *T*JCfi 

[0 0 5 9] byyPZZNLtNSVffiffiZJ^y 

<7)h-7>^X2Nl tN5«|^f{C^>t^tlS. Nl 

fr£>©Qp<:© CEHW*) Nlft^tT* 

/frt&o 3*UC<fc«J, y-KC^^QrcW;—^MU- 

^KH£px-3'X>^ll3*ifc££K:$U>>>-- KB* 

[0 0 6 0] H-rst, ®§Pt7 0 0(i, iHi§3 0 0lCj± 

*t-y^mwkt&. &muz\*, ®at7oo©* 

-h-gpfttt, .turn m #o-r-*ic*fo-cas 

o, o o o^$o)ifflm&(D£W$\zt>tz^xm£-fe 

©OLE DMffitftx- *«EBfttt&l8$-r S Z. t #HJ* 

So 
[0 0 6 1] d9f±, *iiB^©fte©^ifg^-efeS77 

x>f 7*v h v v v 7s L E Dwmmm 900 ©HSHT-^ 

■So mmffig. 9 0 007 ©BUKiji 700 tc^ttu 

T^-g)^ iUB0Vprecharge7^>9 9 2S:{BA.» L 

20 -rs3i:^ai*^^46. mmoyzcrmmiEit, 

[0062] tx±m.mi,tdmm (200, 300, 70 

0) a, Vdd^uf-v-^tffi^&swe, *-nf 

•So U^U, b7yp72N2tN3<7)ffiWSB.tfby 

yP7$(DmftMffllZfr>fz-oX \tiJ7bU TFTKU 
7bW££OLED2-y*y9EEff>\(l)7bt:fflEt 

S^tcS£*rs. ^-h-b*P«E(i, c);y]fn®EtPi 

StC^bb, •T;'f7s7°H'©*ffl^(7)liy^fSo 

Vddfe»<i-*itf. j:ysv^-h-gp«ffi&atfiRT?a 

[0 0 6 3] 5tc, A7-ym<7Xm(Dtz&>, Vdd?:T 
W T S5>^X^N 2 >^P£T-f1«-fc»:Si:> 

* ©J: 7 Kth fclWJKtt-efWW5*fc**J: U N 2 

*g<-rsffijn^fe&.) 3©#a-, ®#FBi©m»© 

40 ^-hHfpmajiVddcfcUii^b^McfiM-rs^ 

[0 0 6 4] m9*%mt&t, ®^7 0 0tC, PT-h 

tvo*&. S5S9ooti;yij5>f>9 9 2/«iin$*u 

a^f-tt. mm7ootmvx&&o 
[0 0 6 5] ?IJ^^>9 9 2(4, DCWEVprecharge 

$:-r^T©@^(Cg^fe^ 7V4\,zmU-&tlX\ 

50  Ctie>1-^T©?ij7^>(4> 7=^X7°b^©^T'tg5^ 
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8tetVa>£. Vprechnnw £Vdd<fc Uilfl >l^WC_k 

[0 0 6 6]      Vprecharge- 7-Y > 9 9 2 tt, S^OK 

&*&^<z>#%a^-e&£ i tail-T-fe 
ho 3tf)Vprecharge9Y7t4£fc, fi^JytbXfe 

[006 7] fgtSlC, #-h"fe*D®E<7)lffl£Vdd£ 10 

*. 3(7)^&iS^7 0 0tCO 

±l3g*2 0 0; 3 0 0*^*, *n«btc|S?>ftv^) 

[0 0 6 8] ±IB&@ir"1ii£t4, OLE DT" A *7~W 20 
ffl^LTx mm^rnhv^yv^mmmmto 

LED 2-y*ynB££m%WiEZftZ>&o\zimZix 

(4, "rjytfvjzrv-Yfmnfthxib, ?47.-?v 

-nz-mtbtcvrnxb. v&^smmtmmm 

[0 0 6 9] 9%k&ff<o. -#g£T-9Yt54>Vit, ft 
m FyjAizmmtfk < *v rtng 
0>*i#tt K9-Cy<\r-(i± 1 2 mVWfifjg^jiJ&T-iSS 30 

-5. -r*t>*.DCUA;i/ 

jm-y^v hmgmmzmfatf&Zo -torn 
(4, 7b-ArtTO^S4T«;**l, ££7b-A 

[0070] mi 0(4, 0 20&^b 

tf-^ K^vU 0 1 OJCggK^nfe^WOT^f- 

>f 7~V K V V tZL E DWmffim. 3 0 0CDBSHT'&So 

^¥11-219146 
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mtu WLiUJEPMtt2 0 0, 300, 5 0 0fcj: 

mt£b\zmrt&£oizmt2tix^&. 

[oo7i] 010 zimt&t, ±mamm300 
(4, OLED||«<7>«g*li^1-6fc«)gi*tCT^Dy 

t^l/fct^^X-^^MC^Sft-OvS. 01 

OfC&trVC, 7"-£^7(4, x-*7^:v±"*:fc"£& 
Wt&t&fz&XD^HVy'Y • yy7ffl£ (chopped ramp 

technique) Ztiffitb?-* F^JAlZ&iXmbZ 
ft*. Z0)77n-*        (c(i, x-^-OiiC 

7,)l-V-V (slew rate) #9&&&tft 

mmz&^xwmztix^z, -ty-tv vwmt. mm 

Kfflfi'tiX^&WBz&m&R&'f. *7t*;riSI 

xmsmmhtM. 
[0 0 7 2] #fS0j"(Cfc^T(4, wm^timcDft® 

[0 0 7 3] zti&mgvT-zwzzmu 

"r-^yy (data rarap) }4ttEit^i§tCj:oT^ 

>7i>-b-C$rm^mfiEI4iS^<7)^->^>SEi:, 7 

^vyV^Mz^y^v bWMMB^vxbtzm^: 

(Ccfco-Otife&o ^7*9^-71^^(4, ^-h4fD7 

i-xo^m s^^n^o m%<7>T—aimmizfii 

y^y^±cu^titzms.iz^-oxm^iiho 

[0074] zemmit, f-aWh •^yy&i&ft-f 

fi7>f-Kx;u-tc<J;oT3l^-rs. 3(7)h7>^*73- 

*j-iz&^x£.\;z>^®~*7tvbwmt£<mm . 

(C ^-^-7-k^hM^^^D^o 
[0 0 7 5] $£oT, cn(4H«(cMiET'S§o 79^/ 

>7smm£E(i, B(w>*-s-ifP7i-x+, mzmz 
iitnSc -t7C0^T(7)i®^/3*RB#(C7j--h-k'Dfb-r 
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vrfV • JyJ • $m.oyr- ft*^/^*>:*tfN2<7>y-McB^T#i^£# 

its *nvzfv -^yy'mzmt&kvb, mm {C^OT^U^LTU^O SEOT, mums 

y7vyv&m*W8t&i5tf,J>&^&$K>!&bti&. tLtzOLEDmm*mL£-£tu& -r-fv^wasg 
[0076] <T-$ Y^4)wmtmtthtz®oym. wti&-tc*s. 

wnfflm.^ %\oynm& u fcwg&aJ^Hfeati&jwca to o 81] ua»u ^Aciots^iw&s 
Sf^W^LED^-fX^U^COfF^^tgfC-r^ti-fT* 10  *i$0)tt, OLE Dt&^Trteft < N 2±ff)Y— MEET: 
&&. ^tCaftUjJLfcMji:, JJBl^"T*l*HZ)*-h-fe* TFTBH£SEEi:fflS:3>$f (transcon 

UitM^Z&RlbX, f^X^b^WiifWcot ductance) li, ObEDVmJmS)^*-$tf>3L?Z>& 

mm&X'&Zo St6^IH^**. I»Cv TFTHHWEtt* OLE 
[0 0 7 7] JJBIB^m x-fX^U-f(JD3WR0^ D^-^ySBE^tltiC, A-T7^SS^ h bX^ft 

&*s&&brct>\ tmo)77n-? mm tbx, # sftpf^-wj, #iiro@*©;W7^ 

^-mzttmr&tc®<Di5&£twtt*vvzri'-*/a 20 2(D>f-Yns.(Dzfn^L,^m-^t, 

rr-* (^Rti-r-^mE) (7)*YU^l/-^3>$rfT [00 8 2] #fgejii, TFTi:0LED<DWmA? 

ftozttfitimz. x-9tmjEi<tis zttizz^-c&fflzmfeisnrzOL 

[0 0 7 8] Z<D£$KL* aTomWlZ&^Tlt, EJ2 -    ED«j»«BR7b-frttC±C*«fc^**»-e*&. N 

0fi£*<7)SR«liSfeffifflt*^ *^0^f#{^YU 2tC^D^ti-g>7r-^mE$:tiiE-r-5fc«?)0^^aT 
^b-i/3 >ESSi:^(^             3 0 0, 50 KmMt<5. 
0, 7 0 0&5«5^ 3^tcPS>b4H^0H^ji{c^ [0083] @J2i:®12{i, x-^^^XCffi^JCE 

:/l/-S/3>la»fc^fc:j:oTWHt»c^^ 30   (»*U**ifiW»c;Bvvc, VDD^-fXiiliR^ 

tf, .fcUIMiaHl^^^r/WKaffl-eS, f >lcafi!W*CK»t*ii:*«ffi3t5*. ) ZCD&viZbX, 

tifc&vXrJX'fl'JoymtyjJiyrt* (fill BSW2ffl*fctt*nJ3Ub<7)B«6,t-5^J-e#VDD5'f 
-factor) *tmZ-&ZZttf&%;2>. >*##LT» VDD9Y><B^&*£1%:i:#ffl# 
[0079] H12WU B*2OO0>7U4 (MS) & h0 HJ12I*, VDD5^>#^>f*?W(7)jiETig 

*§5SttL"CH*:/D*/ ? 1 2 0 0 i:UfcttttOttBTe 3ft£ftT:/Dy^fcSti&Rffi&ijt*. £B*:7D y* 

fc&o H2fe#Sai-Si:> KrflFWBL x-^tt, 1 20 0tC***lSVDD5-rl#£'>ft< 

^^YhU'y^^-f^U-feffiitCfffttrflS^a Tfc, 7^*:/W±<Z>VDD7-f><Z>£ftC!>J:3tC# 
T% S&7b>f(c*g&£ft£0 fftfr*>, <Tfc«fco. L#U &?*U^Mi$Hc£oT, #@ 

< ffiUrf S Zl i: C<fc o T@?Sl(7>-f7#iI{*h,, H:7P y 0 1 2 0 0 It, fa 2 4 *4)V DD7^fX "f ft 

(Cj;oT7^-bXh5>^^Nl^>tft-5o 40  t»*>^j4 8<0@3t7IJ£2tf. 
-jZ?4y{z7-zmRZmrtrZ>z\t\z&^T, ZO) [0 0 8 4] 01 3tt, r-f^l/^l 3 1 Ot^JT. 

ffWSHKlC-r-y-KAtcfettS yu>Tn>hn-7l320ii(7)^5^(^111^ 

«E*^LfcS&, l»?7-T>fefi<ffilW-5ifctC«}: 60 x^^^b-T 1 3 1 0tttS»KBB3S:7D?# 1 2 0 

oT, 3(7)fT^giR^o^^ti6o iCO^-^mjE 0^*6. ^^X^bYrJ^hD-^l 3 2 0(i, V 
it, &(7)7l;-AT*Z\affit)WR2ftZ>£X\ J-b'A DD3>hn-^a-;n 3 5 0, 

izimztiz. Ni^^csnr^swtc ^-KA 1330, fei:^©i/of;Hx ^R«A/D 

^•HJCft^^^nftl^. H4»(7>fiffitt, mEEI^T(C [0 0 8 5] Sii^Dyfll HI 2, 1 3lC7jrf =fc 
MM-t§^s?)(7), ^y^yyoMmimtt-to bi? 50 e>tc, f^^i/^s:fit>tpo^ (VDD/S 

is*i,zm2ixx^&nmiz&'ixffi£2iti&. bp [0 0 8 0] OLED(7)!5^Ltt, 
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ENSE) 12 1 OCttttSftTH*. ffibayrlTj 

vJVfflfr, maifyi 2 1 Ott, MA.lt 1 OfcoLl 

-fOf^-f*. HtC&ftftfCtt, &VDD/SENSE 
tf>l 2 1 Ott, T>r;*?Wn>hD-^l 3 2 OC 

fc^T> -*f0pf"V>^;i/h-5>$;^^Pl (135 

2) £P2 (1 3 3 2) fc«fctffKSSES^DlHH»l 3 3 4tC 

-5frt>0) I L L UMI NAT Eff^tfP 1 &f«fr£# 

■CVDD/SENSEt?>*Vdd«gt^lH-S. US 
Wfc^MSifiUcfcH t"C, P 1 $ril^m^{±^J 1 mA/yiJ 

[0 0 8 6] TFT£0LED(Z)^9*-*fc*tiEt£ 

Zmk^Wk-tbtz®, MEASURE{f^-£/M,Tfl- 

mmmmsm 1334 fcra&s-es. jR**£*ifcit 

[0087] jetcAftttictt* ^©s^oaj^-b-^^ 

^ ii^^P^^rt^o-rATwiS^tt, -etifMc 

m^-zws. (Mx.tt-ffPOT *B«irr*ifcic«fc 

0@^:/P y £ &CEB£*1^>C0T% ^-iS^yP *j Vfttf) 

[0088] &mmynv>7ft(Ditfmmmiz&-ox3\£ 

m^flfzWi. I LLUMINATE^-f^MEA 
SURE5^>£, VDD/SENSEtf>l 2 1 0£ 

ssf^goHss 133 4<7)-f y-?v Kcaarrsb^wc 

s. Imtai^^i o^Ai^sns. 
m\m 13 3 4 am 13 icte^ > tr- 

2ft£fif$Ktt, I/OfA^l 34 OtCckoTiR*^ 

ESS 1 3 3 4 ftoymAmm 1 *      A^fc-S. ! 

) *$B¥11-219146 
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[0089] &&0>mi5?tfc&IIIIK 1 3 3 4 «®g-^D -y 

Onulti-plexerv ^0^) &&ffl-f*ltt\ HSfE&ftHJjg 

s ENS Etr> z^-ammom 1334 tc#m{t 

±7:4z7u<(mzmmz>z£tfiii%&a VDD/S 

ENSE¥y%z\<7)£oizmn\sl$&iz$>mittz>t, ft 

[0 0 9 0] BWB«*-r^^ftf7*^fc»K:au 

>#&li'bfctt&«D&K Bi!SM9;*-*tt&*tcgMb 

I&M tMtmmizfrtz'DT-frm-z>zttfiii*&o 

[009 1] **X<m&£^K.ffl£t&&gl*&\, > 

r^->j ^fctt r^-^j -r^ 

-com* zimizwmtzz ttz&v xmrnrnxtb 

*WrUfti^«»WiWfflBr*&e**i« miAli^Z V-y 

-fe^-^-KCfenT) , -r-fX^Wtf tx—tf- 

(7m#>e>) r^7j ■e**rafc«a£tf^*;i,fcjB»i« 

[0092] *L*wmm!mmmi&e3!M& 

isjizmRtzzwa&Zo mx.it, v^yvxzo) 

mmmm £ o L E D $ - y* ymsmnznm z> 

^z£0)tm^mv7)^m^xTK.mmti>. z.m.t>o> 

nmmtnit, "rA-x-jvjiztmv), zcn^o 

[0 0 9 3] d«)MjE5j£S:»lWrSfc«?), 

4\iz\m2<mfm&*mirkbo)£tis*h. btc 

■<7^v-(iz^m^x^i>o 

[0 0 9 4] ®2*imth£, J-FAlZimZ1Xfz 
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lC£oT, LED^fcgffcS-H:S£ N2 

Jb<Z)Y- hSEEi: LED £3I&«8te<7>Bfl&&#irr 
S. y-hmEEVg(i, OTW^; (2) <m\£, N2 0) 

Y- h*f V-ytftEVgs ts LED' 

d i ode ff)--D\ZmW&Z fctffefc*. 

[00 9 5] 

B&2] 

, - A2L 
5s V k 

(4) 

diode (2) 
10 

[0 0 9 6] ^tfltlWMOS h5>S?;**<7>KlW> 

«SttaT<z« (3) -eastis. 
[00 9 7] 

m.3] 

I =          (Vgs - V't) (3) 

[oioo] o L E D mm^mmmra)^. 

(5) T-ssns. 
[0101] 

0»5] 

I = 4V * (5) diode 

[010 2] 33T\ A£m{£ttSrC*&-& (Burrows ftfe 

0) J. Appl. Phys. 79(1996)#M) . &oT> OT<^ 

(6) tff#<ift&. 
[0 10 3] 

0*6] 

[0 0 9 8] 33T% kltf:JUZ0#BRu>9>?9y 

m&rmizTmm . %ot,       (4) *>w 

[0 0 9 9] 
G»4] 

«4 = ^ 

'diode " (6) 

20 [0104] &o-a y-hngt^t-Ktu^ 

^IMitt, «T<B3S (7) -eatefts. 
[0 10 5] 

»7] 

[0 10 6] OLEDWI-V4*ttSr*-rfc«?)v i&Cffl 

v- vmat 94-*- h'w& t amnm hwmmm 

Jrs2<7)0 L E DO) I - V*Mt(7)PtB&B(B»^fCia3tStl 

[0107] OLE Dammut, zomm.i ciast 

fcfc> OLEDtf)/^-2Ai:m(7>ffetCs TFTcT)^ 

v vT.m-yxmwt^zutms^ 
OLEDA^-^AttU OLED(7)3'->^> 

tmbtlX^Z. OLED^i-^mJt *-j!fny 

£ • r\> K • ^>y^(7)h7^^«W 

»J, OLEDW±^fC^fcoT$fb-rS. eeot, Z 

ft 

(7) 

30 mm*ffiE-&-?lZ>f-hW£*7n97&?Z>k, 

[0 10 8] »SHC, WHtfl)KHttflWc%*6. 
--hSEVgtt, Eiaufcx-^mavdatatCiej-ru^ 

40- ISiB^tfioMCDY^yWMt^y^bWM 

ft, ETF^ (8) -esW. 
[0 10 9] 

G»8) 

1 = BV. daca J0 (8) 

50 

[Olio] zzx\ BtVQ&ZhZtifjyW&k 

(7) t (8) *ffl*^to#-c«gi*rstaT<z^; 
(9) . tlS. 
[0 111] 
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[ft 9] 

'data = v0ff + C-/7" 

[0 112] 

[0113] *|EWtt. Vorr, C\ D, fc^lfmOg 

HjfcfflE-tSfctfK EHf 6 (A#) x-^mEE^MiE 

rtcj3W6A«Rc«e**ifco L E Dnm>mL**tm 

off> c, D, 8&vmizML-(:mfezixfc.mizm 

ix. *m»L moyr4%-ji>4mfr. m&o 
LED®.mm£thtz&), ^ o) Kfto-csejax 

-#SEVdata£ft#-f£. 
[0114] S^(^tfl^4ffi(7)/^-* 

> tra- * KSffflfc ft y > m$%m y £ L ttffrtBK 
(cft£„ b*»U S&^WftMiE^ffitUoof+^cT)^ 
$ £{£$1-£&#ftffi£{£<£ffl1-£;r fc#£B#5. 
[0 115] $?£^§im^(c£>ivc, _LsE<7)J:e>(c 

4fBT'(4ft<, t>-ffr2mo)A7*-2*&mbXW% 

0]&$-ti&t:&tZ.t&8i&&. ^ (9) <7)i®^<7)m* 

V, 

D^/T (9) 

* SEISED       t. m;<r)£si\;'<Mz&\ >t\ 

SWT-, ^ii(7)*Ji:Tl/^KCfcOTii, D"^I ltCf~ 

UZ&LX&Z>ftlzm^I(Dffl&X&Z>. Mx(4\ I.fc 

10   1 0 0eiCifJD^-y:-S)i:, CV"Ittl 0£tCfc&#, D 
mO(4 (mfel Ofcffi^TSt) 1. 58fg(Cb#ft 

OLE D<7)1 -VfflHtT FT 0)1- Vgs ft^J; »J liS 

^(C^SBiiftS. 
[0 116] €£oT. tawlSEU^UCfc^r, D" ~ 

/■ i ttffifttc^b-cttsrca y, zowmztcD^mu. 
mz—Doy*7-kv hwmtbxmmmx&z>t^o 

i5KbWft*>ns. 3oWmt^'XDWMzm&ti 

20 ot, M''J«t% t^TW-r^X^b^W- 

*?^vvt>f4y<r)ms£Lx®mthz\ttf 

#*So ftoT,  (9) 5S(4fi(T<7)sS (10) 0>8Bci5 

[0 117] 

[ftlO] 

^data ~ ^offset + 

Voff   + DavT 

c-fT 

[0 118] ZZX\ Voffset = 

•5. 

[0119] HI 4t& £®a^rt7*-#<Z>aiI)©cj: 

otf-fX^U'fMttl.Ml 4 0 0©7P-f 
•Y-hT*fe§. ;fr£l 4 0 0(4, Xf-V^14 0 5^ 

T^TVZfl 4 1 OiCii^s SR^ny 

[0 12 0] 4 2 OiCfc^T, ttglttZ® 

fe<m%0)VottsettC£#ito&tzls>), SSl4 0 0!i 

[012 1] Xr^l4 3 0t:i5l^ «S|I ltl 

z\(Dimo)tzwz¥ijmmw% <* tis. 
[0 12 2] TsrVZfl 4 4 0(CfcWC, Voffset tC 

tm&)t>tl&o -fft;b*>, -0<7>^ft£5fc#>-£><7){C- 

ow«tttffl'r«it^iti3(E*. wz, fflsomato 

V 4 PW&mMz-DWX -     \y'* - 9 V0 f f s e 11C 

tmtfLx^z. ztiioomt. mz#. do) m 

(10) 

S£fc#tfJ3fE£. ^Sl4 0 0tt^tCXx>V^l 455 
30 tCfeOT^T1*6. 

[0 12 3] »££*l5e«&£S§'6SS£fck 1^ 

<fttttuiftibft^dt{cas-r^^T*fe-5. ^(7^4^ 

^«Eicfci ^T^T ft o ztizji-3 xm&z im& Zttf 

[0124] TjzzrisJcnwmittffifthti&t, x 

«(1) ®^®E,   (2) ^>TffijE^*ifcffiH«!K, 
*fc« (3) KWI»*v*ofc«4<D:7*--Tyh-e# 

[0125] HI 514, wwm&zmxijyz'r-*?- 

ZOMJEfiWil 5 0 0(7)7P-^-V.-hr*^S. ^i£l 
5 0 0(4, Xr>^l 5 0 5#ib*&*y, 5 

50 i o/\ii*, ■ei-ewRSRKWL/Tfii^nfci'^^ 



(14) 
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-2. W*.«Vorr»«ttCtf$fB3*l£o 
[0 12 6] 5 2 0(CfcOT, ^fel 500 

Ifci&gm Cofctm #Jx.tfHM 

W*fittl0 3V//"A-efe6. A^kx^x-^tf-r 10 

#>> #B?g(CO^TVcffset    =    Voff    + C^I 

m-^ iitz Voff set i:CtcSo*uTft#-r6o 3(7) 

W»tt, kxtfx-^lCC/Co *<7) 

M^cvoffset*mk.%zktfrhf$.z>o c*\z&m. 
mts $Vda ta tfgBC-^CDim 1 /Co (C 

?v      vv>J-eask        *7?7x-7 

oxts ¥9*7- $ t ccmmzmz-thz t & as* 

Vo f f s e 1Wi^OSWfr&trflS. 
[0 12 7] Xrv^l 5 3 OCfeWC* ffiftfemE 

wmTvjo)9-2F7'(XKmt>tiz>o imi 500 

[0 12 8] #>T$IE£*l£){Ig7:-3'<7)^ A* 30 

IE£ ti£\£9*9-9ho L°-45=V"L 

T*fcU, OLEDJ!fgte*C7>m^£It0iJ-f6<7) 

Hi**, ^ot, tWtt^tCttWtfc-fe'D^^-fey r>m 

[0 12 9] HI 6(i, iS^m "T*t>*>««**1- 

A£lfx*x-$W*f iE&ifel 6 0 0(7)7Elh 
6 0 Ott, TcrVll 6 0 5frfett£ 40 

1), 7xxy7l 6 1 0(Cii^ *£T?iH!B&£ftfc*8ta) 

i &ai-tfx*x-*av" i e>tc4ffiss*i 
toK'b^lChl-Wlt JJBO^ffil 5 0 0h[§lbT- 

&£. ±l2<7)«fc9{c, 3C7)M^ii, HI 4tCf;1\fc5 
C, S^^TCi^'bi®^5^-^Voffset «hC§ 

[0 13 0] &(Cx-*ffijE;*xy7*l 6 1 1 50 

^gfl^ll-219146 
26 

6 4 5K, ^T7^1 6 3 0ttOTA*f-i?i;C?: 

ftftitew*, ±tB<7)^j£ 1500 tm-t&z. 
[0 13 1] fcSUi* glJ^MffCfcl >T> ±IB<7) 

<fc 9 tc 2 f@£fc(i4{I<7)^7 *-9 T*ii& < x 1 ®0)fr 

<r>tV7*-9 ^mLxmmoy^m-mtmtz tit 

[0132] ia{*^c(t #<<7)*§B\ ismrtw 

^>«C(7)^S!J«/JN^<, Voffset(7)*7iTO-tt 

Wff«tltS5„ ZXU&s TFTffl53>^. 

3f > ^ - 3» k tmffy>MSc B ^-(7) i: * 36 

5tT-6. #ia3R(7)Vorfset(Z)»S:*«)n«+ 

N^9^-3f(7)AD#(7)**f7*e>. 
[0 13 3] Z<D%.-rt?^-3»¥?£(i> ±12(7)^- h 

-te'pftO L E DSIMffifiKmi^d. 3C7)*-A^^ 

(c wjsf^sx-f^i/^^-tt^^mttt-r^* 

[0 13 4] C3T-^ ^-A^^-^ffltiiilx-^IS 

jECMbT, 7r-fX^L/^?7)^b7P-bX(i7:-^(7)7 

t'ftf-^tf, (i) is^mEE^ (2) sum 

BE* fe*tF (3) **>-eMiE^tifca^fflg, ^^"T^ 

[0 13 5] 01 7it. £WmO)A7*-2(DWfelZ£ 

71 7 l 0^ii*> ^-^TN iS^7P^^rt(7)*fiyS^ 

W\ay$*xommiz r*7j -r-^miE^TO^ti 
-5.    ^r>>71 7 2 0 fCj3t ^Tx ^fftfc-rs^^B 
^cF#t&Voffset£C£^£fc#)> 

{*» 2<B(7)-7:-^mJE (VltV2) SrEMnU #7=- 

[0 13 6] Z?v7l 7 3 0CfclvC> 1^1 1 ill 

[0 13 7] C(7Mltti^--?rfe^t^Atbtl§(7)-e* 

tU*ffiSWK:tt» r-f X7U -Y PKDfrMoymffiX- 2 j^g 

^ssirktcffft^tis. 
[0 13 8] TsrVZfl 7 4 OJCfeUTx C(7)3F^fI/)< 
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mmx&&0 

[0 13 9] ^f'^l 7 5 O'CJSIVC, &6f3&7>S8t 

C0VJ«#VOf f set <7)tf#{C«fc oT^^CMiE^tl 

[0 14 0] 7 6 OJCfc^T, 

WVoffset#!BttgflL WW-ftW^E»J-CfiBfSti*. 

fttC,      17 0 O&TSrVfl 7 6 5C<fe^T*7t 

s. 
[0 1 4 1] HI 8@£SE£3i-f A^fcfxtf-r- 

^(7«lliE»35fel 8 0 0©7D-f-Y-h-e**. 3Ertfel 
8Q0tt» -Xrvll 8 0 5*»«9»*»J, TsrVll 8 

10^M#> *31T\ *t«B3fltcfflL-C«?¥$nt^5 
^^-^Voffset^UtH-r. 
[0 14 2] TsrVZfl 8 2 OtCfcl^r, 7?j£l 8 0 0 

fit, *XfBLfcrt9*-*Vofr..t &ffiffiLTA#tfx* 

tt, {S#^nfeV0ffset^>fIfCS^^-C> &s*{cBfl-f 
SVdata    =    Voffsel + Vdata (7M%%\Wt&o 

[0 1 4 3] 75^71 8 3 OCfe^T, fiteftfcV 
data, -r*t)^*liES*lfc, fcfcfcHWSftfcA^r- 

OOtt^t, 7x^71 8 3 5tCfeV>T»7f &. 
[0 1 4 4] Si 9Wu tfx^-r-3i7bW^m?S$:*t 

U'f <7>8J8Wfc£&l 9 0 0©7P-ft- h-efe-So * 30 
9 0 Ott±323&Sl 7 0 0 £g{«L-Ovg>. JbfEfr 

*fe 1 7 0 0 tOfffiltt, £261 9 0 0 tfimtoZrrVJ 

1 9 5 0^®UAtLTff»^^fcC<7)¥^fg&^U 
T, -fe*P • *7-fey h^-^mEE^g^m^^^^ 

£W£>^<7)M8it^-*MiE7 

v-izmzti&o mz, m*<mmm.mm&, z. 40 

0M£Xti2>f=.ib0)4y:ry>7Z£bXW%LX, ffi* 

(D@%*7-ky h Voffset &5fc#)6. 

[0145] H20tt, mm, tKt>*mmm 
\±} kr/Tf-£ <7)StjE#S: 2 0 0 0 (7)7 p -f-^r - K * 

Ktota  =  Voff    * C(I)I 

[0 152] C (I) i*lomW!R*>&, 

imZVatrmz$ibZ>Zttfli!,&Z>o L^U #7 50 

») &RB¥11-219146 
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55162 0 0 01*, XT-^72 0 0 5^^^* 

»J, 7x^72 o i OAit^, zz.X'm&ttmt?z>m 

^©Vofrset&iai^a^^tb-r. 
[014 6] 7-r?72 0 2 0tC*Mvt\ -fe*P • #7-fe 

-7S^e>HfD • tf7-fe«v Hx-3»«E%*«)S. 7 
■r^72 0 3 0^^T> £<7ttfP • *7*y 

*E&, ®tH£ti£Voffsetmk\Z, 7x7 
72 0 4 0tcfct,\T, mE^tcittm^iitzXfj^yi- 

[0 14 7] mt&\Z, txW-7#7M 771^^6 

#Sn'CnS@5ll*7-fe'!/ h Sr-fe'D • *7±V hW&iZ 

£20 0 0ttfttC7X772 0 4 5 {CfcH^T^-TS. 
[0 14 8] 02 1 tt, kfx^x-^tftf^vMlE;**! 

Pl^tCj:^f:^77L/^(7)SMr:^?£2 1 0 0(7)7 P- 

f-y-h-^fes. -ftmi 1 0 Ott, _hIE7j1 9 0 OtC 

mau-co*. ^S21 o o «h±tB^s 1900 torn 

S(*> 7x^72 1 5 0^^ ff#«nfcCa)¥^ 
ttfct&BL-nf P • *7-fey s   ^ mjE*t®^i?5ftw 

-t5»(*s ^1 *m&(Dt\sXmAi*ikZ>Z.ttf&%i 

&a lot, CC7)^^{g§6efflLTVdata>PfAri(Z)-fe*P 

gmzm-th, 
[0 14 9] U2 2(*, ^>TMlE^^fc)!9g7;-^i& 

&$X±) M^^- % (nffiJEfim 2 2 0 0(7)7P-ft 

-hT'35-S,, 7JS2 2 0 0(*, ±IE*S2 0 0 0lcB(tt 

LT^S. ±IB7jS2 00 0i:(7)tB3S{*, VdataMVl 

o-fe*P • *y±v h$az&^xi&&6. 'fciXs mt 

[0150] J328WHICJ3^T* OLEDaSfth9>2> 

7^N 2 ^fiSWWft^fWT**>WI.*UT^S. N 

mxroft (ID T*^$ti§o 
[015 1] 

mi i] 

+ z?-yr (ID 

{*, VJymkC (I) WMOLED;^^-;? 
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N 2 tiy 4 ymmzfmts &* *> w, 2 AH? * - » 

[0 15 3] 02 3tt, *liWa)«ft<7)7^-r-f ^Th 
UV^^LED@*«KS3 0 0, 5 0 0, £fctt7 0 0 

ZffiZ-fzrJ ~X?V4 2 3 2 0 fcfcJBLfcS/XT^ 3 

0 OWZruvWJWvk-Z&ho VXfKI 3 0 0 
tt, 7^7:?Wp>hP-5 2 3 1 Oi'f-f^U'f 
2 3 2 0 

[0 154] MJC&ftfttCfck f^^U^3>hD- 
7tt, 4>4MgfiCPU (2312), j^'J-2 3 

14, fc^tf&f&AI/Ogg (0»R«7£X, 

— K, SB&gg*#^g&£<»Sgg, *xA, A/ 
D3>A-^, Jjaojffl^^ya-;!/! 3 3 0#£©& 

£H5fc&0 x-fJVTV-f 2 3 2 0 *mh2itZ>tz&)(7)V7 

mfofrhttV-l 3 1 4^\p- KU CPU2312 

[0 15 5] 7^71^2 3 2 Ott, WHIMy2-7 
x-fX2 3 2 2fc, &»<Z)ii% (SHIMS 0 0, 5 0 
0, £fc&700) i^<5^. jS^>^-7i^X 
2 3 2 2tigf|3 0 0, 5 0 0, £fc«7 0 OfflSIC 
^^^ms&^^^o      a^>^-7x^rx2 3 

2 2(±, EIltC^LfcJcd^VhU^^X-TKU^i/ 

^ 3 > t u Tiiio<7)±ia(7)fi-§-5 -Y >/*7 -Y > 

[0 15 6] ftoT, i/^xA2 3 0 0tt, 5v:7>? 

ti, yi^X^U^3>hD-5 2 3 1 Ott, 7^P3 

>SP-9£LT, S&tttt^&a&milB (ASI 
C) tbX, £tzl*/\-\tVx7ty7hVx7i&^t 

X7A2 3 0 Ofcfc, *HWftiffi^^*i&£/^xArt 

[0 15 7] #2g0jJ£, NMOS 

fcPMOS h9>^3»ftttfflLT%SIE3E5r*6'e**. 
[0158] o±, *mm*<7>mmmz*mm 

is y (c^t \T# < (nmmm y   c t 
[0 15 9] 

[ESWffim^B^] 

[HI] ThU^J7X7Kb^i/>^>a'-7i'CX 

^fMTH-219146 
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[112] $*»7)7?7^77Ky^;x.LED@Ss 

[03] *HWTO7^-r-f^Th»;-y^^LEDgjR« 

[04] mZ(»72T47'VYVv27,LEmmm 

0)tceba)2J$yV® 
[05] *^C0^#HSg^(7)7^x>f7-7S 

[06] 05OTtTJ77hy-y^LEDBIWBft 

io o)tz&xD24$y>fm 
[07] ^wMo)tmmmm(D7^^^7'^h y 

XLED@^^£7)BS0 
[08] 07(7)T^^^7x'hi;^^7tLEDiS^ii 

tf)£#)<7)^ 5 >^0 

[09] 3^©f^»«g»07^7L>f 7T K y y £ 

^LEDifiMI 
[01 o] imw(Dmnffim(r>7>77-><7'-?YVv 

[011] 01 0O7^7W7TNU^^XLEDB^ 

20. n&cDtz&xDtJsym 

[012] @H7uAmrnrnbxmrnzf-vyttb 

fcB§0 
[013] TlTtfVJh^JttVJnyW-^t 

[014] £mm(»^*-2(7>wmz£.'ix:rj7,7* 

[015] S^SE?r^1-A*7-^<7)MjE^fe(7)7D 

[016] ®i«tat-rA* ifx^x- 
30 3»(7)tSjE^(Z)7P-^-V-h 

[017] M7^-2im^B.-km^. ±mm 

(DA?*-2(»Wmz&^X747,7V>(ZmMt1rZ> 

7?}£C7)7P-7-V-h 
[018] S^mE^S7A*HWx-^(7)MiE^ 

0)7P-7"*-S 
[019] tr*f-Mf«^m ^SH 

[02 0] BWKtr&43"&«K«:«1-A*lf7!*5s- 
40 2<7)tffiE;ft£<7)7P-7ir-N 

[021] tfxtf-r-*tf#>T$IE<**ifcJ|gx-2 

?V4*WMtthl5mD7U-1-*-y 

[02 2] ^TttjE^nfcUKx-^^ssnfcx* 

bfx/Tx- ^(7)MiE77)£(7)7 P-f-V- h 

[02 3] imW\Z&hWk(D7>77-J7--?Yi)vV7. 

A<7)7P^^0 

100: -7^7.7^' 
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1 1 0 :.nr-23&!£g£. 

1 2 0 :'<TT-*?mEMm 

16 0: m^rn (mm) 
2 0 0: 'ttmmOYTVT-A      h <) V >J X L E Dig 

3 0 0: *WMfi&mt& 
302: ziyryy- 

3 04 : LED (OLED) (3139)0 

310:»1 
3 20 :H2 

3 3 0:H3K5>^X2 

340:^4 

3 50 :H5 V^yVX* 

3 60 :f-^> 

3 70 :W?9Y> 
3 80 : -A-VMUvJy 

3 8 2: ffi<0fT#6fl>:*-h-gD5-f> 
3 90: VDD5>f> 

500:xmrnrntb^mmmm 

51 o -.mi-uy&z* 
520 :3§2 
5 30 : i§3 
5 0 2: nyfy^r 

54 0 : i/3';h^t-K 
5 50 : LED (OLED) 

5 70 :^?7-f> 
5 60 :T-fyJy 

5 80 :^-h-fe*P5W> 
5 90 :MT5K> 

7 0 0: *mn&* L V mil 
7 0 2: n^^-y- 

7 04: LED (OLED) OfeM^) 

[HI] 

Llfi 

(17) ^¥11-219146 
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710 :81 h 
7 20 :iS2 h7>^ 

7 30 :H3 
7 40 : 314 

7 50:H5 h^>^3? 

760:f-^7Y> 
7 70:jgR^> 

7 80 :*-Wp5-f2> 
7 8 2: mOXlfrbO)-*- b.Muyjy 

10   7 90:VDD^-C> 

9 0 0:1&mffi £ L l «%itft 
9 92 : Vprecharge 

9 50 :H5 h^i^* 

1 0 0 0: *£IH0ii%lifi 
1010 ivt-fFJJA 

i020:nhjyvz* 
12 00:®^^D^^ 

12 10 :fc*Dt?> (VDD/SENSE) 

1 3 1 0 : x-fX^b-T 
20   1 3 2 0 : -r^^b-fni/ha—7 

1 3 3 0: iJ^Ei^-Jl/ 
1 3 3 2: h^>>7^3'P2 

1334: mmmmm 
1 3 5 0: VDD3> bU-Jl^^=L~Jl 

13 5 2:b^y^XZP1 
2 3 0 0: i/^rA 
2 3 10: f^fX^b^3>hD-7 
23 12:4>*MSSSCPU 
2 3 14: 

30   2 3 1 6:1 /Ogg 

2 320 :x^7.^b-f 
2322:Ii^>^-7i^X 

[02] 

200 

—V—N2 

f-^O " VDD 



(18) 

[03] Da 6] 

382 
AZ 

9-9 

AZ 

390 

r—L 

n 

Vox 

[04] 

h   ^ 

J L 

1_ 



[07] [(32 3] 

700 VDD 
790 

2314 
CPU 2312 

1/0 a 
2m 

I 
rU^H 232Q 

S* 
M n 

ax 

[08] 

 -4 

*wi%tz% —r *- Ufa) 
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ACTIVE MATRIX LIGHT EMITTING DIODE PIXEL STRUCTURE 
AND C ONCOMITANT METHOD 

This application claims the benefit of U.S. Provisional Application 

5  No. 60/060, 386 filed September 29,1997, and U.S. Provisional Application 

No. 60/060, 387 filed September 29, 1997, which are herein incorporated by 

reference. 

The invention relates to an active matrix light emitting diode pixel 

10  structure. More particularly, the invention relates to a pixel structure that 

improves brightness uniformity by reducing current nonuniformities in a 

light-emitting diode of the pixel structure and method of operating said 

active matrix light emitting diode pixel structure. 

15 BACKGROUND OF THE DISCLOSURE 

Matrix displays are well known in the art, where pixels are 

illuminated using matrix addressing as illustrated in FIG. 1. A typical 

display 100 comprises a plurality of picture or display elements (pixels) 160 

that are arranged in rows and columns. The display incorporates a column 

20  data generator 110 and a row select generator 120. In operation, each row 

is sequentially activated via row line 130, where the corresponding pixels 

are activated using the corresponding column lines 140. In a passive matrix 

display, each row of pixels is illuminated sequentially one by one, whereas 

in an active matrix display, each row of pixels is first loaded with data 

25   sequentially. Namely, each row in the passive matrix display is only 

"active" for a fraction of the total frame time, whereas each row in the active 

matrix display can be set to be "active" for the entire total frame time. 

With the proliferation in the use of portable displays, e.g., in a laptop 

computer, various display technologies have been employed, e.g., liquid 

30   crystal display (LCD) and light-emitting diode (LED) display. Generally, an 

important criticality in portable displays is the ability to conserve power. 
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thereby extending the "on time" of a portable system that employs such 

display. 

In a LCD, a backlight is on for the entire duration in which the 

display is in use. Namely, all pixels in a LCD are illuminated, where a 

5  "dark" pixel is achieved by causing a polarized layer to block the 

illumination through that pixel. In contrast, a LED display only 

illuminates those pixels that are activated, thereby conserving power by not 

having to illuminate dark pixels. 

FIG. 2 illustrates a prior art active matrix LED pixel structure 200 

10 having two NMOS transistors Nl and N2. In such pixel structure, the data 

(a voltage) is initially stored in the capacitor C by activating transistor Nl 

and then activating "drive transistor" N2 to illuminate the LED. Although 

a display that employs the pixel structure 200 can reduce power 

consumption, such pixel structure exhibits nonuniformity in intensity level 

15  arising from several sources. 

First, it has been observed that the brightness of the LED is 

proportional to the current passing through the LED. With use, the 

threshold voltage of the "drive transistor" N2 may drift, thereby causing a 

change in the current passing through the LED. This varying current 

20   contributes to the nonuniformity in the intensity of the display. 

Second, another contribution to the nonuniformity in intensity of the 

display can be found in the manufacturing of the "drive transistor" N2. In 

some cases, the "drive transistor" N2 is manufactured from a material that 

is difficult to ensure initial threshold voltage uniformity of the transistors 

25   such that variations exist from pixel to pixel. 

Third, LED electrical parameters may also exhibit nonuniformity. 

For example, it is expected that.OLED (organic light-emitting diode) turn- 

on voltages may increase under bias-temperature stress conditions. 

Therefore, a need exists in the art for a pixel structure and 

30   concomitant method that reduces current nonuniformities due to threshold 

voltage variations in a "drive transistor" of the pixel structure. 
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SUMMARY OF THE INVENTION 

The present invention incorporates a LED (or an OLED) pixel 

structure and method that improve brightness uniformity by reducing 

current nonuniformities in a light-emitting diode of the pixel structure. In 

5   one embodiment, a pixel structure having five transistors is disclosed. In an 

alternate embodiment, a pixel structure having three transistors and a 

diode is disclosed. In yet another alternate embodiment, a different pixel 

structure having five transistors is disclosed. In yet another alternate 

embodiment, an additional line is provided to extend the autozeroing 

10  voltage range. Finally, an external measuring module and various external 

measuring methods are disclosed to measure pixel parameters that are then 

used to adjust input pixel data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 The teachings of the present invention can be readily understood by 

considering the following detailed description in conjunction with the 

accompanying drawings, in which: 

FIG. 1 depicts a block diagram of a matrix addressing interface; 

FIG. 2 depicts a schematic diagram of a prior art active matrix LED 

20   pixel structure; 

FIG. 3 depicts a schematic diagram of an active matrix LED pixel 

structure of the present invention; 

FIG. 4 depicts a timing diagram for active matrix LED pixel structure 

of FIG. 3; 

25 FIG. 5 depicts a schematic diagram of an alternate embodiment of an 

active matrix LED pixel structure of the present invention; 

FIG. 6 depicts a timing diagram for active matrix LED pixel structure 

of FIG. 5; 

FIG. 7 depicts a schematic diagram of an alternate embodiment of an 

30   active matrix LED pixel structure of the present invention; 

FIG. 8 depicts a timing diagram for active matrix LED pixel structure 

of FIG. 7; 
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FIG. 9 depicts a schematic diagram of an alternate embodiment of an 

active matrix LED pixel structure of the present invention; 

FIG. 10 depicts a schematic diagram of an alternate embodiment of 

an active matrix LED pixel structure of the present invention; 

5 FIG. 11 depicts a timing diagram for active matrix LED pixel 

structure of FIG. 10; 

FIG. 12 illustrates a schematic diagram of an array of pixels 

interconnected into a pixel block; 

FIG. 13 is a schematic diagram illustrating the interconnection 

10   between a display and a display controller; 

FIG. 14 illustrates a flowchart of a method for initializing the display 

by measuring the parameters of all the pixels; 

FIG. 15 illustrates a flowchart of a method for correcting input data 

representing pixel voltages; 

15 FIG. 16 illustrates a flowchart of a method for correcting input video 

data representing pixel currents, i.e., luminances; 

FIG. 17 illustrates a flowchart of a method for initializing the display 

by measuring the parameters of all the pixels where the video data 

represent pixel voltage; 

!0 FIG. 18 illustrates a flowchart of a method for correcting input video 

data representing pixel voltages; 

FIG. 19 illustrates a flowchart of a method for initializing the display 

by measuring the parameters of all the pixels for the situation where the 

video data represents pixel currents; 

5 FIG. 20 illustrates a flowchart of a method for correcting input video 

data represented in pixel currents, i.e., luminances; 

FIG. 21 illustrates a flowchart of a method for initializing the display 

by measuring the parameters of all the pixels for the situation where the 

video data represents gamma-corrected luminance data; 

3 FIG. 22 illustrates a flowchart of a method for correcting input video 

data represented in gamma-corrected luminance data; and 
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FIG. 23 depicts a block diagram of a system employing a display 

having a plurality of active matrix LED pixel structures of the present 

invention. 

To facilitate understanding, identical reference numerals have been 

5  used, where possible, to designate identical elements that are common to 

the figures. 
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DETAILED DESCRIPTION 

FIG. 3 depicts a schematic diagram of an active matrix LED pixel 

structure 300 of the present invention. In the preferred embodiment, the 

active matrix LED pixel structure is implemented using thin film 

5  transistors (TFTs), e.g., transistors manufactured using poly-silicon or 

amorphous silicon. Similarly, in the preferred embodiment, the active 

matrix LED pixel structure incorporates an organic light-emitting diode 

(OLED). Although the present pixel structure is implemented using thin 

film transistors and an organic light-emitting diode, it should be understood 

10  that the present invention can be implemented using other types of 

transistors and light emitting diodes. 

The present pixel structure 300 provides a uniform current drive in 

the presence of a large transistor threshold voltage (Vt) nonuniformity and 

OLED turn-on voltage nonuniformity. In other words, it is desirable to 

15  maintain a uniform current through the OLEDs, thereby ensuring 

uniformity in the intensity of the display. 

Referring to FIG. 3, pixel structure 300 comprises five NMOS 

transistors Nl (310), N2 (320), N3 (330), N4 (340) and N5 (350), a capacitor 

302 and a LED (OLED) (light element) 304 (light element). A Select line 

20  370 is coupled to the gate of transistor 350. A Data line 360 is coupled to 

one terminal of the capacitor 302. An Autozero line 380 is coupled to the 

gate of transistor 340. A VDD line 390 is coupled to the drain of transistors 

320 and 330. An Autozero line 382 from a previous row in the pixel array is 

coupled to the gate of transistor 330. 

25 It should be noted that Autozero line 382 from a previous row can be 

implemented as a second Select line. Namely, the timing of the present 

pixel is such that the Autozero line 382 from a previous row can be exploited 

without the need of a second Select line, thereby reducing complexity and 

cost of the present pixel. 

30 One terminal of the capacitor 302 is coupled (at node A) to the source 

of transistor 330 and to the drain of transistors 340 and 350. The source of 
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transistor 350 is coupled (at node B) to the gate of transistors 310 and 320. 

The drain of transistor 310 is coupled to the source of transistor 340. 

Finally, the source of transistors 310 and 320 are coupled to one terminal of 

the LED 304. 

5 As discussed above, driving an organic LED display is challenging in 

light of the various nonuniformities. The present invention is an 

architecture for an organic LED display that addresses these criticalities. 

Namely, each LED pixel is driven in a manner that is insensitive to 

variations in the LED turn-on voltage, as well as to variations in the TFT 

)  threshold voltages. Namely, the present pixel is able to determine an offset 

voltage parameter using an autozeroing method that is used to account for 

these variations in the LED turn-on voltage, and the TFT threshold 

voltages. 

Furthermore, data is provided to each pixel as a data voltage in a 

manner that is very similar to that used in conventional active-matrix 

liquid crystal displays. As a result, the present display architecture can be 

employed with conventional column and row scanners, either external or 

integrated on the display plate. 

The present pixel uses five (5) TFTs and one capacitor, and the LED. 

It should be noted that TFTs are connected to the anode of the LED, and not 

the cathode, which is required by the fact that ITO .is the hole emitter in 

conventional organic LED. Thus, the LED is coupled to the source of a TFT, 

and not the drain. Each display column has 2 row lines (the auto-zero line 

and the select line), and 11/2 column lines (the data line and the +Vdd line, 

which is shared by neighboring columns). The waveforms on each line are 

also shown in FIG. 4. The operation of the pixel 300 is described below in 

three phases or stages. 

The first phase is a precharge phase. A positive pulse on the auto- 

zero (A2) line of the previous row 382 turns "on" transistor 330 and 

precharges node A of the pixel up to Vdd, e.g., +10 volts. Then the Data line 

changes from its-baseline value to write data into the pixel of the previous 



(33) #ltmi-219146 

-8- 

row, and returns to its baseline. This has no net effect on the pixel under 

consideration. 

The second phase is an auto-zero phase. The AZ and SELECT lines 

for the present row go high, turning "on" transistors 340 and 350 and 

5   causing the gate of transistor Nl 310 to drop, self-biasing to a turn-on 

voltage that permits a very small trickle of current to flow through the LED. 

In this phase the sum of the turn-on voltage of the LED and the threshold 

voltage of Nl are stored on the gate of NL Since Nl and N2 can be placed 

very close together, their initial threshold voltages will be very similar. In 

10  addition, these two transistors should have the same gate to source voltage, 

Vgs. Since a TFT threshold drift depends only on Vgs over the life of the 

TFT, it can be assumed that the threshold voltages of these devices will 

track over the life of the TFT. Therefore, the threshold voltage of N2 is also 

stored on its gate. After auto-zeroing is complete, the Autozero line returns 

15  low, while Select line stays high. 

The third phase is a data writing phase. The data is applied as a 

voltage above the baseline voltage on the Data line, and is written into the 

pixel through the capacitor. Then, the Select line returns low, and the sum 

of the data voltage, plus the LED turn-on voltage, plus N2's threshold 

20  voltage, is stored at node B for the rest of the frame. It should be noted that 

a capacitor from node B to +Vdd can be employed in order to protect the 

stored voltage from leaking away. 

In sum, during the auto-zero phase, the LED's turn-on voltage, as 

well as N2's threshold voltage, are "measured" and stored at node B using a 

25  trickle current. This auto-zero phase is essentially a current-drive mode of 

operation, where the drive current is very small. It is only after the auto- 

zero phase, in the writing phase, that the voltage on the LED is 

incremented above turn-on using the applied data voltage. Thus, the 

present invention can be referred to as having a "hybrid drive," rather than 

30   a voltage drive or current drive. The hybrid drive method combines the 

advantages of voltage drive and current drive, without the disadvantages of 

either. Variations in the turn-on voltage of the LED and the threshold 
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voltage of the TFT are corrected, just as in current drive. At the same time, 

all lines on the display are driven by voltages, and can therefore be driven 

fast. 

It should be noted that the data voltage increment applied to the 

5  Data line 360 does not appear directly across the LED 304, but is split 

between Vgs of N2 320 and the LED. This simply means that there is a 

nonlinear mapping from the data voltage to the LED voltage. This 

mapping, combined with the nonlinear mapping from LED voltage to LED 

current, yields the overall transfer function from data voltage to LED 

10  current, which is monotonic, and, as noted above, is stable over the life of 

the display. 

An advantage of the present pixel architecture 300 is that the 

transistors in the pixel whose threshold shifts are uncorrected (N3, N4, and 

N5) are turned on for only one row-time per frame, and therefore have a 

15  very low duty-cycle and are not expected to shift appreciably. Additionally, 

N2 is the only transistor in the LED's current path. Additional transistors 

connected in series on this path may degrade display efficiency or may 

create problems due to uncorrected TFT threshold shifts, and, if shared by 

all pixels on a column, may introduce significant vertical crosstalk. 

20 Select and Autozero (AZ) pulses are generated by row scanners. The 

column data is applied on top of a fixed (and arbitrary) baseline voltage in 

the time-slot between AZ pulses. The falling edge of Select signal occurs 

while data is valid on the Data line. Various external and integrated 

column-scanner designs, either of the direct-sample or chopped-ramp type, 

25  can produce data with this timing. 

The above pixel architecture permits large direct-view displays to be 

built using organic LEDs. Of course, the present pixel structure is also 

applicable to any display technology that uses display elements requiring 

drive current, particularly, when the display elements or the TFTs have 

30   turn-on voltages that shift or are nonuniform. 

FIG. 5 depicts a schematic diagram of an alternate embodiment of an 

active matrix LED pixel structure 500 of the present invention. The pixel 
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structure 500 is similar to the pixel structure 300 of FIG. 3, where a 

Schottky diode is now employed in lieu in of two transistors. 

One potential disadvantage of the pixel structure 300 is the use of 

five transistors per pixel. Namely, using so many transistors in each pixel 

5  may impact the pixel's fill-factor (assuming bottom-side emission through 

the active plate), and also its yield. As such, the pixel structure 300 

employs a single Schottky diode in each pixel that reduces the number of 

transistors from five to three transistors, while performing the same 

functions as previously described. 

10 Referring to FIG. 5, pixel structure 500 comprises three NMOS 

transistors Nl (510), N2 (520), N3 (530), a capacitor 502, a Schottky diode 

540 and a LED (OLED) 550 (light element). A Select line 570 is coupled to 

the gate of transistor 530. A Data line 560 is coupled to one terminal of the 

capacitor 502. An Autozero line 580 is coupled to the gate of transistor 520. 

15 An Illuminate (similar to a VDD line) line 590 is coupled to one terminal of 

the Schottky diode 540. 

One terminal of the capacitor 502 is coupled (at node A) to the drain 

of transistors 520 and 530. The source of transistor 530 is coupled (at node 

B) to the gate of transistor 510. The drain of transistor 510 is coupled to the 

20  source of transistor 520, and one terminal of the Schottky diode 540. 

The pixel structure 500 also has three phases of operation: a 

precharge phase, an autozero phase, and a data writing phase as discussed 

below. All of the Illuminate lines are connected together at the periphery of 

the display, and before the precharge phase begins, the Illuminate lines are 

25  held at a positive voltage V(LL, which is approximately +15V. For the 

purpose of the following discussion, a row under consideration is referred to 

as "row     The waveforms on each line are also shown in FIG. 6. 

The first phase is a precharge phase. Precharge is initiated when the 

Autozero (AZ) line turns on transistor N2, and the Select line turns on 

30   transistor N3. This phase is performed while the Data line is at a reset 

level. The voltage at Nodes A and B rises to the same voltage as the drain 

of transistor Nl, which is a diode drop below V^. 
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The second phase is an autozero phase. Next, the Illuminate line 

drops to ground. During this phase, all pixels on the array will briefly 

darken. Autozeroing of Nl now begins with the Schottky diode 540 causing 

the drain of transistor Nl to be isolated from the grounded Illuminate line. 

5   When Node B has reached a voltage approximately equal to the threshold 

voltage of the transistor Nl plus the turn-on voltage of the LED 550, the AZ 

line is used to turn transistor N2 "off', and the Illuminate line is restored to 

VCLL- All pixels in unselected rows light up again. 

The third phase is a data writing phase. Next, the data for row i is 

10  loaded onto the data line. The voltage rise at Nodes A~and B will equal the 

difference between the Data line's reset voltage level and the data voltage 

level. Thus, variations in the threshold voltage of transistor Nl and the 

LED's turn-on voltage will be compensated. After the voltage at Node B has 

settled, the Select line for row i is used to turn off transistor N3, and the 

15  Data line is reset. The proper data voltage is now stored on the pixel until 

the next frame. 

Thus, a three-transistor pixel for OLED displays has been described, 

that possesses the advantages described previously for the 5-transistor pixel 

300, but requires fewer transistors. An additional advantage is that the 5- 

:0  transistor pixel employs separate transistors for autozeroing and driving the 

LED. Proper operation of pixel 300 requires that these two transistors have 

matching initial thresholds that would drift over life in the same way. 

Recent experimental data suggest that TFTs with different drain voltages 

(as these two transistors have) may not drift in the same way. Thus, pixel 

5   500 performs autozeroing on the same transistor that drives the LED, such 

that proper autozeroing is guaranteed. 

FIG. 7 depicts a schematic diagram of an alternate embodiment of an 

active matrix LED pixel structure 700 of the present invention. The pixel 

structure 700 is similar to the pixel structure 300 of FIG. 3, with the 

)   exception that pixel structure 700 may generate a more precise autozero 

voltage. 



(37) #$¥11-219148 

-12- 

Namely, referring to FIG. 3, the autozeroing arises from'the fact that 

each precharge cycle, as shown in FIG. 3, injects a large positive charge Qre 

onto Node A of the pixel 3C0. During the precharge phase, nearly all of the 

capacitance on Node A is from capacitor C^, such that the charge injected 

5  onto Node A is: 

Qrc^Cdaa(VD0-Vj (1) 

where VA is the voltage that was on Node A before the precharge phase 

10 began. VA depends on the threshold voltage of N3 330 and the turn-on 

voltage of the LED 304, as well as the previous data applied to the pixel 

300. Since      is a large capacitance (approx. 1 pF), QK is also relatively 

large, on the order often picocoulombs. 

When the pixel 300 is at a stable autozero level, Qrc flows through Nl 

15  310 and the LED 304 during the autozero phase. Since the autozero 

interval is short (approximately 10 usee), Nl may be left with a gate-to- 

source autozero voltage higher than it's threshold voltage, and similarly the 

LED autozeroes above its turn-on voltage. Thus, the autozeroing process 

may not produce a true zero-current autozero voltage at Nodes A and B, but 

20  instead, an approximation of a zero-current autozero voltage. 

It should be noted that it is not necessary to produce a true zero- 

current autozero voltage, corresponding to exactly zero current through Nl 

and the LED. The desirable goal is to obtain an autozero voltage that 

permits a small trickle of current (approximately ten nanoamps) to flow 

25  through Nl 310 and.the LED 304. Since the autozero interval is 

approximately 10 usee, then Q„, should be on the order of 0.1 picocoulomb. 

As noted above, Qre is approximately 10 picocoulombs. 

The effect of such a large Qrc is that the pixels stable autozero 

voltage may well be above the sum of the threshold and turn-on voltages. 

30  This condition by itself is not a problem, if the excess autozero voltages were 
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uniform across the display. Namely, the effect can be addressed by 

offsetting all the data voltages accordingly. 

However, a potential difficulty may arise if     is not only large, but 

also depends on the previous data voltage, and on the autozero voltage 

5  itself. If this condition develops in the display, then not only will all pixels 

have large excess autozero voltages, but also the magnitude of the excess 

voltage may vary from pixel to pixel. In effect, the autozeroing of pixel 300 

may not produce a uniform display under such a condition. 

To address this criticality, the pixel structure 700 is capable of 

10  reducing the precharge     to a very small value. Additionally, a Variable 

precharge" method is disclosed, that permits Qrc to vary, depending on the 

amount of charge that is actually needed for autozeroing. In brief, if the 

current autozero voltage is too low, Qrc assumes its maximum value of about 

0.1 picocoulomb in order to raise the autozero voltage toward its desired 

15  value. However, if the current autozero voltage is too high, then Qrc is 

essentially zero, allowing the autozero voltage to drop quickly. 

Referring to FIG. 7, pixel structure 700 comprises five NMOS 

transistors Nl (710), N2 (720), N3 (730), N4 (740), N5 (750), a capacitor 

702, and a LED (OLED) 704 (light element). A Select line 770 is coupled to 

20  the gate of transistor 710, A Data line 760 is coupled to one terminal of the 

capacitor 702. An Autozero line 780 is coupled to the gate of transistor 740. 

A VDD line 790 is coupled to the drain of transistors 720 and 750. An 

Autozero line 782 from a previous row in the pixel array is coupled to the 

gate of transistor 750. 

25 It should be noted that Autozero line 782 from a previous row can be 

implemented as a second Select line. Namely, the timing of the present 

pixel is such that the Autozero line 782 from a previous row can be exploited 

without the need of a second Select line, thereby reducing complexity and 

cost of the present pixel. 

(0 One terminal of the capacitor 702 is coupled (at node A) to the drain 

of transistor 710. The source of transistor 710 is coupled (at node B) to the 

gate of transistors 720 and 730 and is coupled to the source of transistor 



(39) f^HPPll-219148 

-14- 

740. The drain of transistor 740 is coupled (at node C) to the source of 

transistor 750, and to the drain of transistor 730. Finally, the source of 

transistors 730 and 720 are coupled to one terminal of the LED 704. 

More specifically, the pixel 700 is similar to the pixel 300, except that 

5   the precharge voltage is now applied to Node C, which is the drain of 

transistor N3 730. In addition, there are also some timing changes as 

shown in FIG. 8. The operation of the pixel 700 is again described below in 

three phases or stages. 

The first phase is a precharge phase that occurs during the previous 

-   10  line time, i.e., before data is applied to the previous row's pixels. A positive 

pulse on the Select line turns "on" Nl, thereby shorting Nodes A and B 

together, which returns the pixel 700 to the state it was in after the last 

autozero phase. Namely, the pixel is returned to a data-independent 

voltage that is the pixel's most recent estimate of its proper autozero 

15  voltage. While transistor Nl is "on", a positive pulse on the Autozero line 

782 from a previous row line turns "on" transistor N5, thereby precharging 

Node C to VdJ. In turn, transistors Nl and No are turned "ofi". 

The relative timing of turning transistors Nl and N5 "on" and "off" is 

not very important, except that transistor nl must be "on" before transistor 

20  N5 is turned "off*. Otherwise, transistor N3 may still be turned "on" in 

response to the old data voltage, and the charge injected onto Node C may 

inadvertently drain away through transistor N3. 

After the precharge phase, the charge     is stored at Node C on the 

gate-to-source/drain capacitances of transistors N3, N4 and No. Since these 

25  capacitances add up to a very small capacitance (about 10 fF), and the 

precharge interval raises Node C about 10V, Qrc is initially approximately 

0.1 picocoulombs. However, this charge will drain from Node C to varying 

degrees prior to the autozero phase, depending on how well the previous 

autozero voltage approximates the true autozero voltage. Thus, it is more 

30  accurate to indicate that QK < 0.1 picocoulomb, depending on how much 

charge is needed for autozeroing. This is the variable precharge feature. If 

the last autozero voltage is too low, N3 is nonconducting after the precharge 
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phase, and Qrc should stay at its maximum value, raising the autozero 

voltage toward its desired level during the autozero phase. If the last 

autozero voltage is too high, N3 is conducting, and Qrc will drain off by the 

time the autozero phase occurs, allowing the autozero voltage to drop 

5 quickly. 

Although the relative timing for transistors Nl and N5 is not critical, 

the preferred timing is shown in FIG. 8. The two transistors Nl and N5 

turn aon" at the same time in order to minimize the time required for 

precharge. Nl turns W before N5 such that the (intentional) draining of 

10       from Node C is in response to a Node B voltage that has been 

capacitively pushed down by Nl turning "off". This ensures that the 

draining of     from Node C is in response to a Node B voltage that is the 

same as when zero data is applied to the pixel. 

In sum, the pixel 700 when compared to the pixel 300, provides a 

15  means of precharging the pixel that allows a more effective autozeroing. 

Specifically, the autozeroing of pixel 700 is more accurate, faster, and data 

independent. Computer simulations have verified that the pixel 700 

autozeroes well and is able to maintain a nearly constant OLED current vs. 

data voltage characteristic over an operational lifetime of 10,000 hours. 

20 FIG. 9 depicts a schematic diagram of an alternate embodiment of an 

active matrix LED pixel structure 900 of the present invention. The pixel 

structure 900 is similar to the pixel structure 700 of FIG. 7, with the 

exception of having an additional VpredurKt line 992, that permits the range of 

autozero voltages to be extended without raising the LED supply voltage 

25  V^. This additional modification of the pixel extends the life and efficiency 

of the pixel. 

It should be noted that the above described pixels (200, 300, 700) 

have the limitation that the autozero voltage cannot exceed V^, since this is 

the precharge voltage. However, as the threshold voltages of transistors N2 

30  and N3 drift over the life of the transistor, a point is reached where an 

autozero voltage higher than Vdd is required in order to compensate for drift 

in the TFT threshold voltage and in the OLED turn-on voltage. Since the 
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autozero voltage cannot reach higher voltages, display uniformity will 

quickly degrade, signaling the end of the useful life of the display. Raising 

VJd will permit higher autozero voltages to be achieved, but at the expense of 

power efficiency, since     is also the OLED drive supply. 

5 Furthermore, the range of autozero voltages wilt be restricted even 

further if, in order to improve power efficiency,     is reduced to operate 

transistor N2 in the linear region. (Of course, this will require N2 to be 

made larger than if it was operated in saturation.) In this case, the 

operating lifetime will be quite short, since after a short period of operation, 

10  the autozero voltage will need to reach a level higher than V,,,. 

Referring to FIG. 9, an optional modification is incorporated into the 

pixel 700 that removes restrictions on the autozero voltage, thereby 

permitting it to be extended to well above Vu. The pixel 900 is identical to 

the pixel 700 with the exception of an additional column line 992, that is 

15  coupled to the drain of transistor 950. 

The column line 992 is added to the array to carry a DC voltage 

Vp™«h«f, to all the pixels. All of these column lines are connected together at 

the edge of the display. By raising V,r(th^ to a level higher than Vdd, the 

pixel 900 can precharge and autozero to a voltage higher than Vu. A high 

20 value of will have very little effect on display efficiency. 

It should be noted that each V(Whujt line 992 can be shared by 

neighboring columns of pixels. The VftrturTt lines can also run as row lines, 

shared by neighboring rows. 

In sum, a modification of the above OLED pixels is disclosed where 

25  an additional voltage line is provided to extend the range of the autozero 

voltages beyond V,,. This allows the OLED drive transistor to operate at as 

low a voltage as needed for power efficiency, possibly even in the linear 

region, without restricting the range of autozero voltages. Thus, long 

operating lifetime and high efficiency can be obtained. Finally, although 

30  the present modification is described with respect to pixel 700, it should be 

understood that this optional modification can be employed with other 
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autozeroing pixel structures, including but not limited to, pixels 200 and 

300 as discussed above. 

Although the above pixel structures are designed for an OLED 

display in such a manner that transistor threshold voltage variations and 

5  OLED turn-on voltage variations in the pixel can be compensated, these 

pixel structures are not designed to address nonunifonnity that is generated 

external to the pixel. It was pointed out that the pixel could be used with 

conventional column driver circuits, either external to the display plate or 

integrated on the display. 

10 Unfortunately, integrated data drivers are typically not as accurate 

as external drivers. While commercially available external drivers can 

achieve ±12 mV accuracy, it has proven difficult to achieve accuracy better 

than ±50 mV using integrated drivers. The particular type of error 

produced by integrated drivers is primarily offset error, i.e., it is a data- 

15  independent DC level that adds to all data "voltages. The offset error is 

nonuniform, i.e., the value of the DC level varies from one data driver to the 

next. Liquid crystal displays tend to be forgiving of offset errors because the 

liquid crystal is driven with opposite polarity data in successive frames, 

such that in one frame the offset error causes the liquid crystal to be slightly 

20  too dark, and in the next frame too light, but the average is nearly correct 

and the alternating errors are not noticeable to the eye. However, an OLED 

pixel is driven with unipolar data. Therefore, the bipolar cancellation of 

offset errors does not occur, and serious nonunifonnity problems may result 

when integrated scanners are used. 

25 FIG. 10 depicts a schematic diagram of an active matrix LED pixel 

structure 300 of the present invention coupled to a data driver 1010 via a 

column transistor 1020. The present invention describes a method for 

canceling offset errors in integrated data scanners for OLED displays. 

Namely, the present method is designed to operate with any pixel in which 

30   the pixel is capacitiyely coupled to a data line, and has an autozero phase, 

e.g., pixels 200, 300, 500, and 700 as discussed above. 
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Referring to FIG. 10, the pixel 300 as described above is coupled to a 

Data line that provides the pixel with an analog level to establish the 

brightness of the OLED element. In FIG, 10, the Data line is driven by a 

data driver that uses the chopped ramp technique to set the voltage on the 

5  Data line. Various sources of error exist in this approach that may give rise 

to offeet errors on the Data line. For example, the time at which the voltage 

comparator switches can vary depending on the comparator's maximum 

slew rate. It has also been observed experimentally that the maximum slew 

rate can be highly variable. The offset error will affect the voltage stored in 

10  the pixel. Since it is nonuniform, the offset error will also lead to brightness 

variations across the display. 

In the present invention, the period during which the pixel autozeros 

to cancel its own internal threshold error is also used to calibrate out the 

data scanner's offset error. The waveforms of the various lines is shown in 

15  FIG. 11. 

Namely, this is accomplished by setting a reference black level on the 

Data line using the same column driver that will apply the actual data 

voltage. This reference black level, applied during the pixel's autozero 

phase, is set on the Data line in exactly the same manner that the actual 

20  data voltage will be set: the data ramp is chopped at a time determined by 

the voltage comparator. Thus, the voltage across capacitor C of the pixel is 

determined by the difference between the pixel's turn-on voltage and the 

combined black level plus the offset error voltage. The reference black level 

is maintained for the entire autozero phase. When the actual data is 

!5  applied to the pixel, the data scanner offset error is now canceled by the 

stored voltage on the pixel capacitor. 

This technique can be applied not only to integrated scanners that 

use a chopped ramp, but also to scanners using direct sampling onto the 

columns. In the case of direct sampling, the error arises from the 

0  nonuniform capacitive feedthrough of the gate signal onto the Data line 

when the (large) column transistor turns off. Variations in the threshold 

voltage of this transistor produce a nonuniform offset error, just like the 
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nonuniform offset error produced by the chopped ramp data scanners. 

Thus, it can be corrected in the same manner. A black reference 

voltage is written onto the columns during the pixel's autozero phase. Since 

all of the pixels in a row autozero at the same time, this black level is 

5  written onto all of the data columns simultaneously at the beginning of the 

line time. The black level is maintained for the entire autozero phase. As 

in the case of the chopped-ramp scanner, when the actual data is applied to 

the pixel, the offset error will be canceled by the voltage stored on the pixel 

capacitor. However, it seems likely that the time overhead required to 

10  perform offset error correction is smaller using the direct-sampling 

technique than with the chopped ramp technique. 

The present method for correcting data driver errors should permit 

organic LED displays to be built with much better brightness uniformity 

than would otherwise be possible. Using the method described here, 

15  together with any of the above autozeroing pixels, brightness uniformity of 

8-bits should be achievable, with no visible uniformity degradation over the 

lifetime of the display. 

Although the above disclosure describes a plurality of pixel structures 

that can be employed to account for nonuniformity in the intensity of a 

20  display, an alternative approach is to compensate such nonuniformity by 

using external means. More specifically, the disclosure below describes an 

external calibration circuit and method to account for nonuniformity in the 

intensity of a display. In brief, the non-uniformity is measured and stored 

for all the pixels such that the data (e.g., data voltages) can be calibrated 

25   using the measured non-uniformity. 

As such, although the conventional pixel structure of FIG. 2 is used in 

the following discussion, it should be understood that the present external 

calibration circuit and method can be employed with other pixel structures, 

including but not limited to, the pixels 300, 500, and 700 as described above. 

30   However, if the non-uniformity is addressed by the present external 

calibration circuit and method, then a more simplified pixel structure can be 

employed in the display, thereby increasing display yield and fill-factor. 
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FIG. 12 illustrates a schematic diagram of an array of pixels 200 

interconnected into a pixel block 1200. Referring to FIG. 2, in operation, 

data is written into the pixel array in the manner commonly used with 

active matrix displays. Namely, a row of pixels is selected by driving the 

5  Select line high, thereby turning on access transistor Nl. Data is written 

into the pixels in this row by applying data voltages to the Data lines. After 

the voltage at node A has settled, the row is deselected by driving the Select 

line low. The data voltage is stored at node A until this row is selected 

again on the next frame. There may be some charge leakage from node A 

10  during the time that Nl is turned off, arid a storage capacitor may be 

required at node A to prevent an unacceptable level of voltage decay. The 

dotted lines illustrate how a capacitor can be connected to address the 

voltage decay. However, it is possible that there is sufficient capacitance 

associated with the gate of N2 to render such additional capacitance 

15 unnecessary. 

It should be noted that the luminance L of an OLED is approximately 

proportional to its current I, with the constant of proportionality being fairly 

stable and uniform across the display. Therefore, the display will be 

visually uniform if well-defined OLED currents are produced. 

20 However, what is programmed into the pixel is not the OLED 

current, but rather the gate voltage on N2. It is expected that TFT 

threshold voltages and transconductances will exhibit some initial 

nonuniformity across a display, as will the OLED electrical parameters. 

Furthermore, it is well known that TFT threshold voltages increase under 

25  bias-temperature stress conditions, as do OLED turn-on voltages. Thus, 

these parameters are expected to be initially nonuniform, and to vary over 

the life of the pixel in a manner that depends on the individual bias history 

of each pixel. Programming the gate voltage of N2 without compensating 

for the variations of these parameters will yield a display that is initially 

30  nonuniform, with increasing nonuniformity over the life of the display. 

The present invention describes a method for correcting the data 

voltage applied to the gate of N2 in such a way that variations in the TFT 
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and OLED electrical parameters are compensated., thereby permitting well- 

defined OLED currents to be produced in the pixel array. 

FIGs. 2 and 12 illustrate a pixel array having VDD supply lines that 

are disposed parallel to the Data lines. (In alternative embodiments, the 

5   VDD lines may run parallel to the Select lines.) As such, each VDD line can 

be shared by two or more neighboring columns of pixels to reduce the 

number of VDD lines. Figure 12 illustrates the VDD lines as being tied 

together into blocks on the periphery of the display. Each pixel block 1200 

may contain as few as one VDD line, or as many as the total number of VDD 

10  lines on the display. However, in the preferred embodiment, each pixel 

block 1200 contain about 24 VDD lines, i.e., about 48 pixel columns 

FIG. 13 is a schematic diagram illustrating the interconnection 

between a display 1310 and a display controller 1320. The display 1310 

comprises a plurality of pixel blocks 1200. The display controller 1320 

15  comprises a VDD control module 1350, a measurement module 1330 and 

various I/O devices 1340 such as A/D converters and a memory for storing 

pixel parameters. 

Each pixel block is coupled to a sensing pin (VDD/SENSE) 1210 at 

the edge of the display, as shown in FIGs. 12 and 13. During normal 

20  display operation, the sensing pins 1210 are switched to an external VAA ad 

supply, e.g., between 10-15V, thereby supplying current to the display for 

illuminating the OLED elements. More specifically, each VDD/SENSE pin 

1210 is associated with a pair of p-channel transistors Pi (1352) and P2 

(1332) and a current sensing circuit 1334 in the display controller 1320. 

25  During normal operation, an ILLUMINATE signal from the display 

controller activates Pi to connect a VDD/SENSE pin to the V,, supply. In a 

typical implementation, the current through Pi is expected to be 

approximately 1 mA per column. 

In order to compensate for variations in the TFT and OLED 

t0  parameters, the external current sensing circuits 1334 are activated via a 

MEASURE signal to collect information about each pixel's parameters 

during a special measurement cycle. The collected information is used to 
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calcuJate or adjust the appropriate data voltages for establishing the desired 

OLED currents during normal display operation. 

Mere specifically, during a given pixel's measurement cycle, all other 

pixels in the pixel block are tuned off by loading these pixels with lew data 

5   voltages (e.g., zero volts or less), thereby ensuring negligible current draw 

from the "off" pixels. In turn, the current drawn by the pixel of interest is 

measured in response to one or more applied data voltages. During each 

measurement cycle, the data pattern (i.e., consisting of all pixels in a block 

turned "off" except for one pixel turned "on") is loaded into the pixels in the 

10  normal way, with data applied to the DATA lines by data driver circuits, 

and rows being selected one by one. Thus, since the display is partitioned 

into a plurality of pixel blocks, a plurality of pixels can be measured by 

turning on at least one pixel in each pixel block simultaneously. 

The current drawn by the pixel of interest in each pixel block is 

15  measured externally by driving the ILLUMINATE and MEASURE lines to 

levels that disconnect the VDD/SENSE pin 1210 from VDD source and 

connect the sensing pin to the input of a current-sensing circuit 1334 

through P2, where the current drawn by the pixel of interest is measured. 

The pixel current is expected to be in the range of 1-10 uA The current- 

20 sensing circuit 1334 is shown as a transimpedance amplifier in FIG. 13, but 

other embodiments of current-sensing circuit can be implemented. In the 

present invention, the amplifier generates a voltage at the output that is 

proportional to the current at the input. This measured information is then 

collected by I/O devices 1340 where the information is converted into digital 

25  form and then stored for calibrating data voltages. The resistor in the 

current-sensing circuit 1334 is approximately one Megohm. 

Although multiple current-sensing circuits 1334 are illustrated with a 

one to one correspondence with the pixel blocks, fewer current-sensing 

circuits can be employed through the use of a multiplexer (not shown). 

30  Namely, multiple VDD/SENSE pins are multiplexed to a single current- 

sensing circuit 1334. In one extreme, a single current-sensing circuit is 

used for the entire display. Multiplexing the VDD/SENSE pins to the 
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sensing circuits in this manner reduces the complexity of the external 

circuitry, but at the expense of added display measurement time. 

Since normal display operation must be interrupted in order to 

perform pixel measurement cycles, pixel measurements should be scheduled 

5   in a manner that will least disrupt the viewer. Since the pixel parameters 

change slowly, a given pixel does not need to be measured frequently, and 

measurement cycles can be spread over a long period of time. 

While it is not necessary for all pixels to be measured at the same 

time, it is advantageous to do so in order to avoid nonuniformity due to 

10  variable measurement lag. This can be accomplished by measuring all 

pixels rapidly when the display module is turned "on", or when it is turned 

"off*. Measuring pixels when the display module is turned W does not 

interfere with normal operation, but may have the disadvantage that after a 

long "off period, the stored pixel parameters may no longer ensure 

15  uniformity. However, if an uninterrupted power source is available (e.g., in 

screen saver mode), measurement cycles can be performed periodically while 

the display is "off (from the user's point of view). Of course, any option that 

does not include a rapid measurement of all pixels when the display module 

is turned "on", requires that nonvolatile memory be available for storing 

20  measurement information while power is "off". 

If pixel measurement information is available, compensation or 

calibration of the data voltages can be applied to the display to correct for 

various sources of display nonuniformity. For example, compensation of the 

data voltages can be performed to account for transistor threshold-voltage 

25  variations and OLED turn-on voltage variations. As such, the discussion 

below describes a plurality of methods that are capable of compensating the 

above sources of display nonuniformity, including other sources of display 

nonuniformity as well. By using these methods, a display with several 

sources of nonuniformity, some of them severe, can still provide a uniform, 

30   high-quality displayed image. 

For the purpose of describing the present compensation methods, it is 

assumed that the pixel structure of FIG. 2 is employed in a display. 
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However, it should be understood that the present compensation methods 

can be adapted to a display employing any other pixel structures. 

Referring to FIG. 2, the stored voltage on Node A is the gate voltage 

of N2, and thus establishes a current through N2 and through the LED. By 

5  varying the gate voltage on N2, the LED current can be varied. Consider 

the relationship between the gate voltage on N2 and the current through 

the LED. The gate voltage Vf can be divided into two parts, the gate-to- 

source voltage     of N2 and the voltage       across the LED: 

10 Wir+V** ~(2) 

For an MOS transistor in saturation the drain current is approximately: 

15 

where k is the device transconductance parameter and V. is the threshold 

voltage. (For operation in the linear region, see below.) Therefore: 

+ « (4) 

20 

The forward current through the OLED.is approximately: 

I = M2* (5) 

25  where A and m are constants (See Burrows et al., J. Appl. Phys. 79 (1996)). 

Therefore: 

Kw,=^ (6) 
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Thus, the overall relation between the gate voltage and the diode current is: 

It should be noted that other functional forms can be used to 

5  represent the OLED I-V characteristic, which may lead to different 

functional relationships between the gate voltage and the diode current. 

However, the present invention is not limited to the detailed functional form 

of the OLED I-V characteristic as disclosed above, and as such, can be 

adapted to operate for any diode-like characteristic. 

10 The luminance L of an OLED is approximately proportional to its 

current I, with the constant of proportionality being fairly stable and 

uniform across the display. Typically, the display is visually uniform if 

well-defined OLED currents can be produced. However, as discussed above, 

the pixel is programmed with the voltage V; and not the current I. The 

15  problem is based on the observation that TFT parameters V, and k will 

exhibit some initial nonuniformity across a display, as well OLED 

parameters A and m. Furthermore, it is well known that V, increases under 

bias-temperature stress conditions. The OLED parameter A is directly 

related to the OLED's turn-on voltage, and is known to decrease under bias 

20 stress. The OLED parameter m is related to the distribution of traps in the 

organic band gap, and may also vary over the life of the OLED. Thus, these 

parameters are expected to be initially nonuniform, and to vary over the life 

of the display in a manner that depends on-the individual bias history of 

each pixel. Programming the gate voltage without compensating for the 

25  variations of these parameters will yield a display that is initially 

nonuniform, with increasing nonuniformity over the life of the display. 

In fact, other sources of nonuniformity exists. The gate voltage V is 

not necessarily equal to the intended data voltage V^. Instead, gain and 

offset errors in the data drivers, as well as (data-dependent) feedthrough 

30  arising from the deselection of Nl, may cause these two voltages to be 

different. These sources of error can also be nonuniform and can vary over 
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the life of the display. These and any other gain and offset errors can be 

addressed by expressing: 

v
g=BVda,a + V0 (8) 

5 

where B and Va are a gain factor and an offset voltage, respectively, both of 

which can be nonuniform. Combining and simplifying equations (7) and (8) 

produces: 

10 ^«=^-cV7 + D^/7 (9) 

where Va7, C, and D are combinations of the earlier parameters. 

The present invention provides various compensation methods for 

correcting the intended (input) data voltage      to compensate for 

15  variations in      C, D, and m, thereby permitting well-defined OLED 

currents to be produced in the pixel array. In order to compensate for 

variations in the parameters V ^ C, D, and m, the external current sensing 

circuits as described above, collect information about each pixel's 

parameters, i.e., the current drawn by a single pixel can be measured 

20  externally. Using the measured information for the parameters      C, D, 

and mr the present invention calculates the appropriate data voltages 

in accordance with equation (9), for establishing the desired OLED currents 

during normal display operation. 

Alternatively, it should be noted that an exact calculation of the four 

25  parameters V^, C, D, and m from current measurements is computationally 

expensive, thereby requiring complicated iterative calculations. However, 

good approximations can be employed to reduce computational complexity, 

while maintaining effective compensation. 

In one embodiment, pixel nonuniformity is characterized using only 

30   two parameters instead of four as discussed above. Referring to the pixel's 

current-voltage characteristic of equation (9), at normal illumination levels, 
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the CV7 term, associated with V, of N2, and the Erfl term, associated with 

v*.d.. nave roughly the same magnitude. However, their dependence on 

pixel current is very different. The value of m is approximately 10, such 

that at typical illumination levels, ufl is a much weaker function of I than 

5  is CV7. 

For example, a 100 fold (lOOx) increase in I results in CV7 increasing 

by 10 fold (lOx), but &fl increases only 1.58 fold (1.58x) (assuming m = 

10). Namely, at typical illumination current levels, the OLED's I-V curve is 

much steeper than the TFTs I-V curve. 

10 As such, an approximation is made where at typical current levels, 

D€l is independent of current, and its pixel-to-pixel variation can be simply 

treated as an offset variation. While this approximation may introduce 

some error, the appearance of the overall display will not be significantly 

degraded. Thus, with a fair degree of accuracy all display nonuniformity 

15  can be treated as offset and gain variations.' Thus, equation (9) can be 

approximated as: 

^ = (io) 

20  where V^tl =Vcff + £xfi now includes &fl, and Vo(rm and C vary from pixel to 

pixel. 

FIG. 14 illustrates a flowchart of a method 1400 for initializing the 

display by measuring the parameters of all the pixels. Method 1400 starts 

in step 1405 and proceeds to step 1410, where an "ofT data voltage is 

5  applied to all pixels in a pixel block, except for the pixel of interest. 

In step 1420, to determine V,^ and C for a given pixel of interest, 

method 1400 applies two data voltages (VI and V2), and the current is 

measured for each data voltage. 

In step 1430, the square root of the currents 11 and 12 are calculated. 

3  In one implementation, a square root table is used in this calculation. 
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In step 1440,       aad C are determined, i;e., two equations are 

available to solve two variables. In turn, the calculated       and C for a 

given pixel of interest, are stored in a storage, e.g., memory. After all pixels 

have been measured, the memory contains the two parameters Voff9et and C 

5   for each pixel in the array. These values can be used at a later time to 

calibrate or adjust VdaU in accordance with equation (10). Method 1400 then 

ends in step 1455. 

It should be noted that the current through the measured pixel 

should be high enough such that D$l can be treated as approximately the 

10  same at the two measurement points. Preferably, this condition can be 

satisfied by making one measurement at the highest data voltage that the 

system can generate, and then the other measurement at a slightly lower 

data voltage. 

Once display initialization has been performed, the raw input video 

15   data supplied to the display module can be corrected. It should be noted 

that the input video data can exist in various formats, e.g., the video data 

can represent (1) pixel voltages, (2) gamma-corrected pixel luminances, or 

(3) pixel currents. As such, the use of the stored parameters VQfbmt and C to 

calibrate or adjust the input video data depends on each specific format. 

20 FIG. 15 illustrates a flowchart of a method 1500 for correcting input 

video data representing pixel voltages. Method 1500 starts in step 1505 and 

proceeds to step 1510, where the stored parameters, e.g., V^t and C are 

retrieved for a pixel of interest. 

In step 1520, method 1500 applies the retrieved parameters to 

25   calibrate the input video data. More specifically, it is expected that the 

input video data are unbiased, i.e., zero volts represents zero luminance, 

and data greater than zero represent luminance levels greater than zero. 

Therefore, the voltages can be regarded as equal to C0 V7, where I is the 

desired current and C0 is a constant, e.g., with a typical value IOV/VA . 

30   To compensate for pixel variations, as input video data enters the display 

module, the value of      = V^ + cV7 is calculated for each pixel, based on 
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the stored values of and C. This calculation consists of multiplying the 

video data by C/C0, and adding      to the result. 

The division by C0 can be avoided if the video data      has already 

been scaled by the constant factor UCQ: The multiplication by C can be 

5   performed directly in digital logic, or using at look-up table. For example, in 

the latter case, each value of C specifies a table where the value of the video 

data is an index, and the table entries consist of the result of the 

multiplication. (Alternatively, the roles of C and the input video data in the 

look-up table can be reversed.) After the multiplication is performed, rapid 

10   addition of       can be implemented with digital logic. 

In step 1530, the resulting voltage V^, i.e., the corrected or adjusted 

input data, is then forwarded to the data driver of pixel array. Method 1500 

then ends in step 1535. 

In the case of gamma-corrected luminance data, the input video data 

15   are proportional to L0'*3, where L is luminance. This is typical for video data 

that have been pre-corrected for CRT luminance-voltage characteristics. 

Since I0'45 = 4Z, and the OLED luminance is proportional to its current, the 

data can be treated as proportional to 4l. Thus, the calculation can be 

performed in the same way as for zero-offset voltage data as discussed 

20 above. 

FIG. 16 illustrates a flowchart of a method 1600 for correcting input 

video data representing pixel currents, i.e., luminances. Method 1600 starts 

in step 1605 and proceeds to step 1610, where the square-root values of the 

measured current are calculated. Namely, method 1600 is similar to the ' 

25   method 1500 described above, with the exception that the video data 

representing I must be processed to yield V7. As noted above, this 

operation can be implemented using a table that provides square-root 

values as needed for deriving the pixel parameters       and C from pixel . 

current measurements, as illustrated in FIG. 14. Here, this table is used 

30   again to generate V7 from the video data. 

Then, the data correction steps 1610-1645 of method 1600 are 

identical to the method 1500 as described above, with the exception that the 
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square root of the input data is multiplied by C in step 1630 anci then 

followed by an addition of      to yield the corrected data voltage. 

Alternatively, in another embodiment, pixel nonuniformity is 

characterized using only one parameter instead of two or four parameters as 

5  discussed above. Namely, an additional simplification is made such that 

pixel nonuniformity is characterized using a single parameter. 

More specifically, in many cases the pixel-to-pixel variation in the 

gain factor C is small, leaving      as the only significant source of 

nonuniformity. This occurs when the TFT transconductance parameter fc 

10  and the voltage gain factor B are uniform.. In this case, it is sufficient to 

determine each pixel's V^. Then, data correction does not involve 

multiplication (since the gain factor C is assumed to be uniform), but only 

involves addition of the offset parameter. 

This one-parameter approximation is similar to the above 

15  autozeroing OLED pixel structures. The present one-parameter 

compensation method should produce satisfactory display uniformity, while 

reducing computational expense. However, if maintaining display 

uniformity is very important to a particular display application, then the 

above described two or four-parameter methods can be employed at the 

20  expense of increasing computational complexity and expense. 

Again, for one-parameter extraction and data correction, the display 

initialization process depends on the format of the data. The single- 

parameter method can be used to initialize the display and to correct video 

data for the cases of video data representing (1) pixel voltages, (2) pixel 

25   currents, and (3) gamma-corrected pixel luminances. 

FIG. 17 illustrates a flowchart of a method 1700 for initializing the 

display by measuring the parameters of all the pixels. Method 1700 starts 

in step 1705 and proceeds to step 1710, where an "off data voltage is 

applied to all pixels in a pixel block, except for the pixel of interest. 

30 In step 1720, to determine       and C for a given pixel of interest, 

method 1700 applies two data voltages (VI and V2), and the current is 

measured for each data voltage. 
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In step 1730, the square root of the currents II and 12 are calculated. 

In one implementation, a square root table is used in this calculation. 

It should be noted that since the value of C is supposed to be uniform, 

then ideally it can be determined by making a two-point measurement on a 

single pixel anywhere in the display. However, this is questionable, since 

the pixel of interest may be unusual. Thus, a two-point measurement is 

made on every pixel. 

In step 1740, the average C is determined. Namely, using a table to 

calculate     for each current measurement, an average value of C for the 

display can be calculated. 

In step 1750, Vcff5tt is determined for each pixel from its current 

measurements based on the average C. In this manner, small variations in 

C across the display are partially compensated by the calculated V^. For 

reasons given above, it is preferable to make each pixel's current 

measurement at the highest possible data voltage. 

Finally, in step 1760, each pixel's Voff9tt is stored in a storage, e.g., 

memory. Method 1700 then ends in step 1765. 

FIG. 18 illustrates a flowchart of a method 1800 for correcting input 

video data representing pixel voltages. Method 1800 starts in step 1805 and 

proceeds to step 1810, where the stored parameters, e.g.,       is retrieved 

for a pixel of interest. 

In step 1820, method 1800 applies the retrieved parameter to 

calibrate the input video data. More specifically, the value of 

Vdata =      +•      is calculated for each pixel, based on the stored value of 

V off**' 

In step 1830, the resulting voltage V4tta, i.e., the corrected or adjusted 

input data, is then forwarded to the data driver of pixel array. Method 1800 

then ends in step 1835. 

FIG. 19 illustrates a flowchart of a method 1900 for initializing the 

display by measuring the parameters of all the pixels for the situation 

where the video data represents pixel currents. It should be noted that 
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method 1900 is very similar to method 1700 as discussed above\ The 

exception arises when method 1900 incorporates an additional step 1950, 

where a calculated average value of C is used to generate a table of zero- 

offset data voltage vs. pixel current From this point forward in the 

5   initialization and data correction processes, square root operations can be 

avoided by using this table. The table is expected to provide a more 

accurate representation of the pixel's current-voltage characteristics than 

the square-root function. The table is then stored in a storage, e.g., a 

memory for later use. Then the individual pixel current measurements are 

10  used as indexes to enter this table, and individual pixel offsets are 

determined. 

FIG. 20 illustrates a flowchart of a method 2000 for correcting input 

video data represented in pixel currents, i.e., luminances. Method 2000 

starts in step 2005 and proceeds to step 2010, where the current pixel of 

15   interest's VflMt is retrieved from storage. 

In step 2020, the zero-offset data voltage vs. pixel current table is 

used to obtain a zero-offset data voltage from the input video data current. 

This zero-offset data voltage is added to the retrieved V ^ in step 2030. 

Finally, in step 2040, the corrected or adjusted input video data, is then 

20  forwarded to the data driver of the pixel array. 

In sum, as video data are introduced into the display module, the 

zero-offset data voltage corresponding to each current is looked up in the V-I 

table. Then the stored pixel offset is added to the zero-offset voltage, and 

the result is the input to the data driver. Method 2000 then ends in step 

25 2045. 

FIG. 21 illustrates a flowchart of a method 2100 for initializing the 

display by measuring the parameters of all the pixels for the situation 

where the video data represents gamma-corrected luminance data. It 

should be noted that method 2100 is very similar to method. 1900 as 

30  discussed above. The exception arises in step 2150 of method 2100, where a 

calculated average value of C is used to generate a table of zero-offset data 

voltage vs. the square root of the pixel current. Namely, the video data can 
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be approximated as representing V7. As such, the average value of C is 

used to create a zero-offset table of      vs. V7, and this table is saved in a 

storage such as a memory. 

FIG. 22 illustrates a flowchart of a method 2200 for correcting input 

5  video data represented in gamma-corrected luminance data. It should be 

noted that method 2200 is very similar to method 2000 as discussed above. 

The only exception arises in the zero-offset table of      vs. V7. Thus, in 

sum, incoming video data are used to look up the zero-offset data voltages, 

and stored pixel offsets are added to these voltages. 

10 It should be noted that the above description assumes that the OLED 

drive transistor N2 is operated in saturation. Similar compensation 

methods can be used, if N2 is operated in the linear region. In that case, the 

pixel's current voltage characteristic is expressed as: 

15 ^ = V^ + C(/)/+D^7- (11) 

where C(I) is a weak function of I. Again, the D^fl term can be incorporated 

in V p if the current is sufficiently high, such that only an offset term and a 

gain factor need to be determined as discussed above.     -However, the one- 

20  parameter approximation, where only the offset voltage is regarded as 

nonuniform, is not anticipated to be as accurate as the above one-parameter 

approximation for the saturation case, because now the gain factor C(D 

contains the nonuniform OLED parameters A and m. Thus, the two- 

parameter correction method will likely perform significantly better than 

25  the one-parameter correction method, if N2 is operated in the linear region. 

FIG. 23 illustrates a block diagram of a system 2300 employing a 

display 2320 having a plurality of active matrix LED pixel structures 300, 

500, or 700 of the present invention. The system 2300 comprises a display 

controller 2310 and a display 2320. 

30 More specifically, the display controller can be implemented a3 a 

general purpose computer having a central processing unit CPU 2312, a 
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memory 2314 and a plurality of I/O devices 2316 (e.g., a mouse, a keyboard, 

storage devices, e.g., magnetic and optical drives, a modem, A/D converter, 

various modules, e.g., measurement module 1330 as discussed above, and 

the like). Software instructions (e.g., the various methods described above) 

5  for activating the display 2320 can be loaded, e.g., from a storage medium, 

<    into the memory 2314 and executed by the CPU 2312, As such, the software 

instructions of the present invention can be stored on a computer-readable 

medium. 

The display 2320 comprises a pixel interface 2322 and a plurality of 

10  pixels (pixel structures 300, 500, or 700). The pixel interface 2322 contains 

the necessary circuitry to drive the pixels 300, 500, or 700. For example, the 

pixel interface 2322 can be a matrix addressing interface as illustrated in 

FIG. 1 and may optionally include additional signal/control lines as 

discussed above. 

15 Thus, the system 2300 can be implemented as a laptop computer. 

Alternatively, the display controller 2310 can be implemented in other 

manners such as a microcontroller or application specific integrated circuit 

(ASIC) or a combination of hardware and software instructions. In sum, the 

system 2300 can be implemented within a larger system that incorporates a 

20  display of the present invention. 

Although the present invention is described using NMOS transistors, 

it should be understood that the present invention can be implemented 

using PMOS transistors, where the relevant voltages are reversed. 

Although various embodiments which incorporate the teachings of 

25   the present invention have been shown and described in detail herein, those 

skilled in the art can readily devise many other varied embodiments that 

still incorporate these teachings. 
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What is claimed is: 

1.      A display comprising at least one pixel, said pixel comprising: 

a first transistor having a gate, a source and a drain, where said gate 

is for coupling to a first select line; 

a capacitor having a first and second terminals, where said drain of 

said first transistor is coupled to said first terminal of said capacitor; 

a second transistor having a gate, a source and a drain, where said 

drain of said first transistor is coupled to said drain of said second 

transistor, where said gate of said second transistor is for coupling to an 

autozero line; 

a third transistor having a gate, a source and a drain, where said 

source of said third transistor is coupled to said drain of said second 

transistor, where said gate of said third transistor is for coupling to a second 

select line; 

a fourth transistor having a gate, a source and a drain, where said 

drain of said fourth transistor is coupled to said source of said second 

transistor, where said gate of said fourth transistor is coupled to said source 

of said first transistor; 

a fifth transistor having a gate, a source and a drain, where said 

drain of said fifth transistor is coupled to said drain of said third transistor, 

where said gate of said fifth transistor is coupled to said source of said first 

transistor, and 

a light element having two terminals, where said source of said 

fourth transistor and said source of said fifth transistor are coupled to one of 

said terminal of said light element. 

2. The display of claim L, wherein said light element is an organic light 

emitting diode (OLED). 

3. The display of claim 1, wherein said transistors are thin film 

transistors constructed from amorphous-silicon. 
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4. The display of claim 1( wherein said second select line is an autozero 

line from a previous row. 

5   5.      A display comprising at least one pixel, said pixel comprising: 

a first transistor having a gate, a source and a drain, where said gate 

is for coupling to a select line; 

a capacitor having a first and second terminals, where said drain of 

said first transistor is coupled to said first terminal of said capacitor; 

10 a second transistor having a gate, a source and a drain, where said 

drain of said first transistor is coupled to said drain of said second 

transistor, where said gate of said second transistor is for coupling to an 

autozero line; 

a diode having a first and second terminals, where said source of said 

15   second transistor is coupled to said first terminal of said diode, where said 

second terminal of said diode is for coupling to an illuminate line; 

a third transistor having a gate, a source and a drain, where said 

drain of said third transistor is coupled to said first terminal of said diode, 

where said gate of said third transistor is coupled to said source of said first 

20   transistor; and 

a light element having two terminals, where said source of said third 

transistor is coupled to one of said terminal of said light element. 

6. The display of claim 5, wherein said diode is a Schottky diode. 

25 

7. A display comprising at least one pixel, said pixel comprising: 

a first transistor having a gate, a source and a drain, where said gate 

is for coupling to a first select line; 

a capacitor having a first and second terminals, where said drain of 

30  said first transistor is coupled to said first terminal of said capacitor; 

a second transistor having a gate, a source and a drain, where said 

source of said first transistor is coupled to said source of said second 
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transistor, where said gate of said second transistor is for coupling to an 

autozero line; 

a third transistor having a gate, a source and a drain, where said 

source of said third transistor is coupled to said drain of said second 

5   transistor, where said gate of said third transistor is for coupling to a second 

select line; 

a fourth transistor having a gate, a source and a drain, where said 

drain of said fourth transistor is coupled to said source of said third 

transistor, where said gate of said fourth transistor is coupled to said source 

10  of said first transistor; 

a fifth transistor having a gate, a source and a drain, where said 

drain of said fifth transistor is coupled to said drain of said third transistor, 

where said gate of said fifth transistor is coupled to said source of said first 

transistor; and 

15 a light element having two terminals, where said source of said 

fourth transistor and said source of said fifth transistor are coupled to one of 

said terminal of said light element. 

8. The display of claim 7, wherein said light element is an organic light 

20  emitting diode (OLED). 

9. The display of claim 7, wherein said second select line is an autozero 

line from a previous row. 

25   10.    A display comprising: 

at least one autozeroing pixel structure; 

an autozero line, coupled to said autozeroing pixel structure, for 

allowing said autozeroing pixel structure to perform autozeroing; and 

a second line, coupled to said autozeroing pixel structure, for carrying 

30  a voltage to said autozeroing pixel structure that permits a range of 

autozero voltages to be extended. 
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11. A method of illuminating a display having at least one pixel, where 

said pixel contains a circuit for controlling application of energy to a light 

element, said method comprising the steps of: 

(a) autozeroing the pixel; 

(b) loading data onto said pixel via a data line; and 

(c) illuminating said Ught element in accordance with said stored 

data. 

12. The method of claim 11, further comprising the step of: 

10 (a") precharging said pixel prior to said autozeroing step (a). 

13. The method of claim 11, wherein said autozeroing step (a) comprises 

the step of applying a reference black level. 

15  14.    A method of illuminating a display having at least one pixel, said 

method comprising the steps of: 

(a) measuring a pixel parameter of 3aid pixel; 

(b) adjusting an input pixel data in accordance with said measured 

pixel parameter; and 

20 (0 illuminating said pixel in accordance with said adjusted input 

pixel data. 

15. The method of claim 14, wherein said measuring step (a) measures 

externally a current drawn by said pixel. 

25 
16. • The method of claim 15, wherein said adjusting step (b) adjusts said 

pixel data by using said measured pixel parameter to determine a voltage 

offset (VMm) parameter. 

30  17.    The method of claim 16, wherein said adjusting step (b) further 

adjusts said pixel data by using said measured pixel parameter to 

determine a gain factor (C) parameter. 
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18.    A system comprising: 

a display controller; and 

a display, coupled to said display controller, where said display 

5  comprises a plurality of pixels, where each pixel comprises: 

a first transistor having a gate, a source and a drain, where said gate 

is for coupling to a first select line; 

a capacitor having a first and second terminals, where said drain of 

said first transistor is coupled to said first terminal of said capacitor; 

10 a second transistor having a gate, a source and a drain, where said 

source of said first transistor is coupled to said source of said second 

transistor, where said gate of said second transistor is for coupling to an 

autozero line; 

a third transistor having a gate, a source and a drain, where said 

15  source of said third transistor is coupled to said drain of said second 

transistor, where said gate of said third transistor is for coupling to a second 

select line; 

a fourth transistor having a gate, a source and a drain, where said 

drain of said fourth transistor is coupled to said source of said third 

20  transistor, where said gate of said fourth transistor is coupled to said source 

of said first transistor, 

a fifth transistor having a gate, a source and a drain, where said 

drain of said fifth transistor is coupled to said drain of said third transistor, 

where said gate of said fifth transistor is coupled to said source of said first 

25  transistor, and 

a light element having two terminals, where said source of said 

fourth transistor and said source of said fifth transistor are coupled to one of 

said terminal of said light element 

30   19.    A system comprising: 
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a display controller having a measurement module for measuring a 

pixel parameter of a pixel and a storage for storing said measured pixel 

parameter; and 

a display, coupled to said display controller, for displaying an input 

5  pixel data that is adjusted in accordance with said stored pixel parameter. 

20. The system of claim 19, wherein said measurement module comprises 

a current sensing circuit for measuring a current drawn by said pixel. 
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Abstract of the Disclosure 

LED pixel structures and methods that improve brightness 

uniformity by reducing current nonuniformities in a light-emitting diode of 

the pixel structures are disclosed. 


